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Foreword 


This  volume*  of  the  official  history  of  the  Mnliml  Department,  U.S.  Army, 
in  World  War  II  concerns  malaria,  from  the  standpoint  of  the  preventive 
medicine  efforts  whirl)  were  undertaken,  l>olli  in  the  United  States  and  in 
oversea,  theaters,  during  the  |>criod  in  which  the  United  States  was  engaged 
in  war  against  the  Axis  Powers.  It  is  a  comprehensive  story  written  in  the 
main  by  authorities  in  mnhiriology,  particularly  in  the  fields  of  survey  and 
control.  The  authors,  themselves,  were  intimately  associated  with  the  work 
which  is  related  within  these  pages — work  which  required  a  highly  terhuirnl 
knowledge  of  t lie  subject;  work  which  required  the  training  of  hundreds  and 
thousands  of  other  oftieers  and  melt:  work  which  requited  staff  coordination  at 
the  highest,  as  well  as  at  lowest  unit  command  levels:  work  which  was  hot, 
dirty,  wet  and  which  ninny  t  imes  involved  the  dangers  inherent  in  combat  itself. 
It  was  in  the  hitter  areas  that  prevention  and  control  were  not  only  most 
difficult  to  curry  out,  hut  for  which  (lie  dire  necessities  of  control  were  so 
obvious. 

During  the  peacetime  years  immediately  before  World  War  II,  the  Army 
Medical  Department  was  generally  ulert  to  the  problem  of  malaria  and  the 
potential  uoneffectiveiiess  which  could  urise  from  this  disease.  lteln lively 
small  numbers  of  troo|is,  however,  were  subjected  to  this  danger— mainly  in  t  he 
Panama  Canal  Zone.  Puerto  Ilico,  the  Philippine  Islands,  and  the  Southeastern 
United  States.  In  these  ureas,  a  small  group  of  Medical  Department  |>ersoimel. 
working  with  command  supjiort  ami  to  some  extent  with  locnl  civilian  public 
health  authorities,  had  reduced  the  niahiriu  attack  rates  among  the  military 
personnel  and  the  American  civilian  employees  to  u  low  level.  Individual 
malaria  discipline,  ns  it  was  called,  supported  by  improved,  strict,  and  ad¬ 
junctive  sanitary  measures  oil  military  posts  and  surrounding  areas,  was 
effective.  Army  admission  rates  for  malaria  dropped  from  130  |ier  1,004)  jier 
year  in  l!HXt  to  about  4.0  in  13.18.  For  example,  aggressive  control  measures 
in  the  Panama  Canal  Department  luid  reduced  the  rate  tor  primary  nnd  recur¬ 
rent  cases  in  U.S.  Army  personnel  to  a  satisfactory  low  just  before  World 
War  II.  Extensive  malaria  surveys  hud  been  cmulucted  in  the  Philippines 
prior  to  the  war  by  medical  personnel  of  the  Army  in  conjunct  ion  with  the 
Rockefeller  Foundation.  Even  on  Bataan,  the  vector  lind  lieen  identified 
and  the  incidence  of  malaria  in  the  native  imputation  hud  lieen  determined. 
Unfortunately,  because  of  the  luck  of  public  henlth  fluids,  little  or  no  control 
measures  on  Batumi  hud  been  effected  before  the  war.  This,  as  dismissed  in 
chapter  IX,  was  later  to  contribute  to  a  military  catastrophe. 

The  conditions  and  environment  of  a  relatively  static  garrison  life  of  an 
army  in  pence  time  are  much  different  from  those  imjiosed  by  war.  In  the 
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former,  an  orderly  approach  can  lie  made  lo  sanitation  coni  ml  and  |ircvenlion 
of  disease,  sncli  as  malaria.  In  war,  iliis  setting  changes  a ln-ii| >t ly  and  rapidly, 
and  llierc  arise  many  uncertainties,  not  tlie  least  of  which  arc  ini|Miscd  ii|n>n 
ns  by  tlie  enemy,  foreign  and  unknown  terrains,  climatic  conditions  to  which 
our  troops  are  nitacciistonietl,  the  various  mores  of  Allied  as  well  as  hostile 
nationals,  the  great  variances  in  global  |K‘rson:il  ami  public  health  standards, 
and  many  such  other  problems.  In  the  control  of  malaria,  which  alone  enlist'd 
iiOO.tKIO  hospital  admissions  in  World  War  II.  there  were  paramount  obstacles 
to  lie  attacked  ami  surmounted. 

Front  tlie  earliest  days  of  the  entry  of  the  I'nitcil  States  in  World  War 
II,  in  addition  to  tlie  physical  conflict  in  which  the  Army  was  engaged,  there 
was  also  this  constant  battle  at  home  and  overseas  lieiwocn  the  Army  ami  the 
causative  agent  of  malaria  and  the  mosquitoes  which  spread  the  parasites  from 
man  to  man.  As  with  bullets  mid  high  explosi  ves,  ‘  here  was  with  nmluria  no 
res]H*c!  fur  rank,  color,  sex,  creed,  or  el  litiic  origin. 

Malaria  control  became,  then  foie,  one  of  the  major  concerns  of  The 
Surgeon  General  and  of  the  entire  Mistical  iH-piirtiiicnt.  and  it  remained  one 
of  high  priority  throughout  tin*  war.  In  order  to  plan  for  and  successfully 
implement  the  plans  for  the  war  against  malaria,  it  was  not  only  necessary 
to  understand  the  basic  facts  of  malaria  epidemiology,  lint  it  was  likewise 
necessary  to  understand  tlie  basic  clinienl  considerations.  Additionally,  knowl¬ 
edge  of  the  strategic  concepts  and  plans  and  tlie  place  and  timing  of  future 
tactical  operations  bad  to  lie  gained.  It  was  necessary  to  develop  and  evaluate 
medical  intelligence  on  diverse  and  little-known  areas  of  the  world.  Competent 
personnel  lmd  lobe  obtained  to  devise  mid  direct  the  overall  malaria  program, 
anil  other  trained  |iersoiinel  had  to  In*  located  and  dispatched  to  implement  the 
program  in  the  Held.  Training  schools  lmd  to  lie  established  for  ollicers  as 
well  as  for  enlisted  men.  The  pmctimnent  of  supplies  anil  I'qnipmetit  anil 
their  shipment  to  appropriate  destinations  were  of  the  utmost  iiU|Miitiitiec.  It 
was  necessary  to  organize  and  train  sj icciiil  malaria  survey  and  control  units 
and  to  arrange  fur  tlieir  movement  anil  employment  consistent  with  their  mis¬ 
sion,  It  wiis  likewise  necessary  to  orient  and  educate  commanders  at  all  levels 
with  the  need  for  control  measures  and  iimlarin  discipline  for,  obviously,  com¬ 
mand  support  is  a  must  in  any  such  undertaking.  Wliere  commanders  under¬ 
stood  the  dangers  involved  nnd  the  methods  by  which  these  diiugei-s  could  be 
overcome,  the  health  of  the  troops  was  preserved — one  might  say  in  direct 
proportion  to  the  command  support  given  to  the  effort.  For  the  troops,  train¬ 
ing  programs  mid  training  media  lmd  to  be  prepared  and  presented,  for  as 
always,  much  of  any  snceess  or  failure  depends  upon  t  he  knowledge  and  mot  i  vn- 
tion  of  the  individual  soldier.  Not  the  least  of  the  elements  of  necessity  that, 
arose  was  the  time,  effort,  nnd  money  which  was  devoted  to  research  in  the 
field  of  antimalnnal  drugs,  insecticides,  lnrvioides,  and  repellents.  This  went 
into  high  gear  by  mid-194;!,  mid  the  cooperative  efforts  of  the  Army  anil  Navy, 
other  Federal  agencies,  and  civilian  medical  schools,  industrial  linns,  research 
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institutes,  and  other  private  lienlth  nrgniiixntions  wore  :i  eniisntive  factor  in  i lie 
final  success  of  the  iiinlnrin  [ira^ram.  In  ail  of  endeavors.  every  clfoii 
was  made  to  keep  our  Allies  informed  of  the  technical  progress  and  so  pro¬ 
vided  an  exchange  of  pertinent  information  nml  experience.  Major  lieiielits 
accrued  for  all  concerned. 

As  l)r.  Paul  F.  Russell  |xiintsont  in  clmpier  I.  the  greatest  advances  made 
in  malnriology  (hiring  World  War  II  were  in  the  dcvelopnicni  and  mh-  of 
synthetic  ant  linn  In  via  I  drugs  and  residual  insecticides.  We  lenrurd  to  use 
Atahrinc.  ltesenrch  into  and  clinical  studies  of  oilier  niitiinalarial  drugs 
weie  made  during  and  continued  after  the  war  ami  have  resulted  in  even  newer 
and  more  useful  drugs.  From  the  standpoint  of  the  new  insecticide, 
DDT,  many  trials  were  conducted.  Large  ipinniitics  were  produced.  dis¬ 
tributed,  and  used  in  all  theaters  with  outstanding  success.  The  research,  de- 
\  "lopinent,  clinical  study,  and  application  of  these  products  during  the  war 
was  n.  massive  joint  effort  hy  military  and  nuniniliinry  |wt>oimel.  hy  tiovern- 
rnent  and  civilian  agencies,  with  a  great  |xx)ling  of  resources  and  coo|ieralite 
spirit. 

As  oiip  rends  this  liook.  one  can  lint  lie  impressed  with  ilic  trvincmloiis 
nnmlier  and  scope  of  malaria  surveys  which  were  conducted  hy  the  various 
Medical  Department  survey  units  which  were  located  eventually  in  every  ap- 
proprinte  theater  of  o|>erntioiis,  ns  well  as  in  certain  areas  of  the  I'nitcd  Suites. 
These  officers  and  nten.  under  adverse  conditions,  sicadfnslly  mid  unrelentingly 
studied  and  reported  on  the  characteristics  of  tltc  nren  where  they  were  located, 
whether  in  South  or  Central  America.  Africa.  Italy.  Durum,  or  sona*  sim- 
tegicnlly  located  island  in  the  fur  reaches  of  the  Pacific.  Physiography,  cli¬ 
mate.  unlive  imputation,  general  lieahli  situations,  linhits.  mid  (list rihm ion 
of  the  mosquito  vectors  were  included.  Basic  knowledge  mid  facts  wen* 
sought  and  obtained.  Based  upon  this  information,  ninlariologists.  epidemi¬ 
ologists,  entomologists,  malaria  control  units,  nml  conduit  anil  service  troo|>s. 
employing  their  individual  nml  collective  efforts  and  facilities,  stnive  to  im¬ 
prove  malaria  prevention.  The  Army  Air  Forces  coojienited  hy  providing 
personnel  mill  airplanes  hy  which  the  spraying  of  large  arcus  of  terrain  was 
accomplished.  In  many  areas,  this  proved  of  inestimable  assistance. 

Many  practical  lessons  learned  from  these  war  exjierieiiees  are  included 
within  the  pages  of  the  various  chapters  of  this  volume.  A  few  of  the  more 
pertinent  are:  The  need  for  malaria  coni  nil  enlightenment  of  line  commanders ; 
the  requirement  for  utilization  of  medical  siqiervisioii  of,  and  didactic  malaria 
control  training:  for,  all  tron|is  regardless  of  Inimeli  or  service:  the  relative 
emphasis  to  lie  placed  u|jon  environmental  control  measures  vis-a-vis  the  ja*r- 
sonal  measures  of  the  individual  soldier,  including  suppressive  medication: 
the  use  of  special  malaria  control  organizations:  and  the  place  and  res|Minsihili- 
ties  of  the  malariologist  in  the  overall  medical  framework  and  organization. 

In  discussing  these  and  other  matters,  the  authors — as  one  might  exjieot — 
have  been  somewhat  repetitions.  In  order  that  the  individuality  of  the  authors* 
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presentations  might  remain,  the  editors  have  intent iomdly  ]M<rni itltnl  such  iv|ie- 
titions  to  stand.  There  were  other  reasons,  also.  No  two  mens  were  exactly 
alike.  Conditions  of  eonihnt,  terrain,  environment,  |iersotinel,  supply,  nml 
other  factors  were  dissimilar.  And,  individual  interests  of  participating  |S'f- 
sonnel,  ns  well  us  renders,  in  leality  dictaletl  the  individual  approach. 

In  this  great  effort  toward  the  eradication  of  malaria,  resulting  as  it  has 
in  an  improvement  in  mankind's  environment,  the  Medical  Department  of  the 
Army  takes  nut  it  ml  and  justifiable  pride  in  the  role  which  it  played  on  the 
antiniuluria  team  daring  the  war.  Nowhere  was  its  mission,  “to  conserve  the 
lighting  strength,”  more  typified  mul  of  more  ini|>or1nnre  than  in  the  minds, 
souls,  mid  liodies  of  the  thousands  of  its  dedicated  ollieers  and  men  wherever 
they  were  engaged  in  tile  battle  against  malaria.  To  these,  our  country  mid 
our  Armed  Forces  a  re  ever  grateful. 


Leonard  D.  Heaton, 
Lieutenant  General, 
The  Surgeon  General. 


Preface 


A  momentous  chapter  in  the  history  of  wars  is  the  story  of  the  devastations 
caused  by  malaria.  Man  has  si  maided  under  the  ravages  of  this  disease  and 
many  other  incapacitating  and  lethal  illnesses  transmitted  by  insects,  mites, 
and  ticks,  diseases  which  seem  to  lie  especially  destructive  in  wartime.  For 
example,  ns  Dr.  liussell  lias  slated  in  the  first  chapter  of  this  volume,  from  !) 
July  to  10  Septendier  104:1,  during  the  active  campaign  in  Sicily,  malaria  was 
res|K>iisihle  for  the  hospitalization  of  liMS'd  American  soldiers  as  contrasted 
with  17,375  hospitalized  liecnuse  of  wounds  inflicted  by  the  German- Italian 
forces.  Since  most  of  those  infections  were  with  Plmmodiuni  virus,  mnny 
relapses  occurred  in  the  crucial  spring  of  1044,  nnd  so  deprived  the  American 
forces  of  valuable  manpower. 

World  War  II  saw  great  advances  ill  military  preventive  medicine  and 
in  particnlar  in  t  he  cont  ml  of  main  ria.  The  effort  is  by  no  means  finished  how¬ 
ever,  and  certain  lessons  that  went  learned  in  World  War  II  can  lie  helpful  in 
guiding  oar  preventive  programs  in  the  future,  Prolatbly  the  most  important 
lesson  to  be  learned  is  that  effective  malaria  control  in  military  operations  in 
malarious  areas  will  fail  unless  the  line  commanders  at  all  echelons  are  spe¬ 
cifically  malaria  conscious.  Clearly,  the  control  of  malaria  and  otlier  nitliro- 
podbome  diseases  is  not  a  task  that  the  Army  Medical  Service  can  undertake 
alone.  There  must  be  education  mid  training  of  liotli  medical  and  line  officers 
toward  a  definite  understanding  that  control  of  these  diseases  is  u  broad  military 
problem  with  immediate  application  to  actual  striking  jxnver.  Malaria  dis¬ 
cipline  is  necessary  to  an  army's  success  in  many  areas  of  the  world. 

The  experiences  of  World  War  II  have  shown  that  control  of  malaria  can¬ 
not  lie  really  effective  without  a  special  military  control  organization,  which 
must  actively  and  continuously  function  nnd  give  full  and  undivided  attention 
to  the  problem. 

The  volume  presents  the  story  of  the  diffienlties  as  well  ns  the  triumphs  in 
the  constant  tight  against  malaria  during  World  War  II.  Kach  author  is  a 
specialist,  wlm  bag  written  from  the  vantage  ]*>int  of  his  own  close  experience. 
Thanks  are  extended  to  tlie  authors  for  their  willingness  to  undertake  this  task 
of  writing,  which  has  meant  long  hours  of  work  snatched  from  lmsy  schedules. 
Each  chapter  has  lwen  reviewed  by  one  or  more  esjierts  who  have  advised  the 
autlmrs  as  to  scope,  coverage,  and  technical  accuracy.  Thanks  are  expressed 
for  this  valnahle  help  to:  I)r.  Justin  M.  Andrews,  Col.  Samuel  <\  Dews,  Dr. 
Ellistnn  Farrell,  (VI.  Hugh  If.  Gilmore.  Jr..  Mr.  William  A.  Ilardenliergh, 
Prof.  John  M  Henderson,  Iirig.  Gen.  Earl  Maxwell,  the  late  Dr.  Maurice  C. 
Pincoffs,  Di.  Fnrle  Hive.  (’apt.  James  S.  Sii|>ero,  C.S.X..  Mr.  Milhml  K.  Smith, 
Dr.  Alan  Stone.  (VI.  William  S.  Stone,  and  Dr.  Stanley  F.  Yolles. 
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As  iii  the  case  of  the  previous  volumes  of  the  Preventive  Medicine  series, 
members  of  the  Advisor)’  Editorial  Board  have  been  closely  nssocinted  with 
the  pin  lining,  writing,  and  preparation  of  the  volume.  Grateful  thunks  are 
tendered  to  Dr.  Stanhope  Bayne-Jones,  Chairman  of  the  Board,  for  his  careful 
review  of  every  chapter.  Dr.  Paul  F.  Russell,  the  member  of  the  Advisory 
Board  with  special  concern  for  the  subject  matter  of  this  volume,  lias  I  wen 
consulted  in  all  phases  of  its  preparation.  Dr.  Russell  has  participated  sig¬ 
nificantly  in  the  selection  of  authors  and  has  corresponded  with  them  as  to 
content  and  presentation.  lie  has  scrutinized  each  manuscript  meticulously 
and  has  advised  ill  numerous  techniciil  details.  The  editors,  authors,  and 
renders  of  this  volume  owe  a  particularly  warm  del  it  of  gin  tit  tide  to  Dr. 
Russell. 

The  editors  are  grateful  for  this  op|>ortunity  of  thnnking  the  President, 
Chancellor.  Comptroller,  and  other  officers  of  the  Medical  College  of  Virginia 
whose  co»|>enitioii  has  made  (tossihle  the  work  of  the  euitorinl  office  at  the 
Medical  College  under  contract  with  the  Office  of  The  Surgeon  General. 

It  is  a  privilege  for  the  editor  of  the  Preventive  Medicine  series  to  record 
here  his  cordial  thanks  to  Col.  John  Boyd  Coates,  .lr..  M<\  I'SA.  Editor-In- 
Chief  of  the  History  of  the  Medical  Department.  P.S.  Army.  World  War  II, 
of  which  this  series  is  a  part.  The  comprehensive  history  of  the  Medical 
Department,  under  Colonel  Coates'  inspired  and  competent  direction,  will  stand 
as  a  major  contribution  to  medicine.  Colonel  Coates  1ms  continued  to  expedite 
the  publication  of  these  volumes  so  that  they  may  be  available  as  soon  ns  pos¬ 
sible.  He  and  liis  staff  have  produced  books  of  high  quality  in  both  appearance 
and  content. 

The  authors  and  editors  have  again  greatly  relied  upon  the  services  of  the 
Medical  Statistics  Division  of  the  Office  of  The  Surgeon  General.  Mr.  E.  L. 
Hamilton,  Chief,  Mr.  A.  J.  McDowell,  Assistant  Chief,  ami  Mr.  M.  C.  Rossoff, 
Assistant  Chief,  Statistical  Analysis  Branch,  lmve  not  only  provided  essential 
data  but  have  aim  checked  and  reviewed  all  statistical  information  in  this 
volume.  Their  contribution  lias  been  a  substantial  one.  Tlie  Scientific  Illustra¬ 
tion  Division,  Medical  Illustration  Service.  Armed  Forres  Institute  of  Pathol¬ 
ogy,  under  the  direction  of  Mr.  Herman  Van  Cott,  prepared  tlie  il  lust  rati  ons 
for  this  volume.  Maps  were  prepared  by  Miss  Elisabeth  P.  Mason,  Chief, 
Cartographic  Section,  and  Miss  Jean  A.  Saffran,  Cartographic  Draftsman,  of 
the  Special  Projects  Branch,  The  Historical  Unit. 

Tlie  editors  gratefully  acknowledge  tlie  assistance  of  Mrs.  Elaine  R. 
Stevenson,  Publication  Editor  of  the  Editorial  Branch.  The  Historical  Unit, 
wlto  performed  the  nmnusrript  editing  and  prepared  the  index  for  this  volume. 

Ease  Craris  Hoff,  Pli.  D.,  M.D. 
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CHAPTER  I 


Introduction 

Paul  F.  Russell,  M.D. ,  M.P.IL,  Sc.  D. 


Bui.  a*  lo  public  mutters,  It  is  rleurl?  in  mtlilnry  *i»rvb*o  tlmt 
the  ravages  made  by  lhe  tllsenscs  of  miliaria  linvt*  N^n  frequent, 
serious,  and  often  ruinous:  while  if  those  N*t*ii 

Inevitable,  liiey  imve  innrli  kn>  oflen  Na  n  ilie  resnlis  of  neglect, 
or  of  wlmt  should  1)0  culled  ijfimrnnep  •  ♦  • — Mac(.tij«och,  ls*js». 


At  first,  in  tliis  series  on  lilt*  history  of  preventive  medicine  in  the  I'.S. 
Army  in  World  War  II,  it  was  plniiiied  to  include  in  one  volume  necoiiuts  of 
all  the  uiiliro|xKlborne  diseases  that  afflicted  our  troops  throughout  the  world, 
llut  because  of  the  size,  scojie,  ami  attractiveness,  ns  well  its  the  importance  of 
the  iiunitiseripts  prepared  by  nni  lariologists  with  wiirtiine  experience,  the 
editors  decided  to  devote  an  entire  volume  to  lilitltirin  and  a  subsequent  vohnno 
to  lie  entitled  “Artliroiiodlionie  Diseases  Other  Thun  Malaria."  This  volume 
will  include  accounts  of  some  l.r>  diseases  spread  hy  mosquitoes,  mites,  ticks, 
lice.und  fleas. 

The  follow! ng  chapters  tell  die  story  of  the  life  and  death  battling  that 
went  on  continuously  at  home  und  overseas  during  World  War  II  between  the 
U.S.  Army  and  the  phisiuodia  of  malaria  together  with  certain  species  of 
Anopheles  mosquitoes  that  spread  the  parasites  from  iiiiin  to  man.  In  many 
engagements,  arthropod  home  diseases,  especially  malaria,  sent  more  soldiers 
to  hospital  beds  limn  did  the  armies  of  the  Axis  with  all  their  guns,  planes, 
and  tanks.  For  example,  us  noted  in  clmpter  V  (p.  3<>2),  from  !»  July  to  10 
September  1943,  during  the  tierce  Siciliuu  campaign,  there  were  21,482  hospital 
admissions  for  miliaria  compared  with  IT, 375  lmttle  casualties.  Because  most 
of  the  infections  were  with  Plan  mod  him-  iv'w.  there  were  many  inca|mcitating 
rei.qiscs  during  the  spring  of  1944,  a  time  when  every  man  was  btidly  needed 
at  Cnssino  and  Anzio. 

Naturally,  malaria  control  became  one  of  the  main  concerns  of  the  Fre- 
ventive  Medicine  Service  of  the  Office  of  The  Surgeon  General.  The  importance 
in  the  Army’s  final  conquest  of  malaria  in  World  Wnr  II  of  the  massive  und 
steadily  maintained  primary  administrative  attack,  initiated  by  Brig.  Gen. 
James  S.  Simmons,  and  fully  supported  by  Tbe  Surgeon  General  and  by  the 
Chief  of  Staff  of  the  Army,  can  hardly  lie  overemphasized.  Details  Imve  been 
given  by  Ihirdenbergh  1  and  by  McCoy  (see  clmpter  II). 

*  Ihrtlmlrr(rh,  WllUm  A. :  Control  of  Uwtu.  In  MmIImI  Deportment,  I'nltfd  Arms. 

PrtTMtlTf  IHHw  In  World  Wnr  11.  Volume  11.  Knvlronmentnl  U.virleii**.  \Yu»lilitj;ton :  1\8. 
Government  1’rlntlnv  Office.  ItU.  pp.  17U-232. 
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This  |wvpi'  of  the  mos<|iiitu  to  knock  out  out-  soldiers  was  | >.-■  1*1  icuhii  ly 
manifest  in  the  South  anil  Southwest  l“acitic.  I  shall  not  forget  (icn.  Ikuights 
MacArthur’s  stiitement  m  me  in  -May  "1  loctor,"  he  said,  ‘‘this  will  U<  a 
long  war  if  for  every  division  I  have  facing  ihe  enemy  I  must  rniim  on  a 
second  division  in  hospital  with  malaria  and  a  third  division  convalescing  from 
this  debilitating  disease !“  The  general  was  not  at  all  worried  aUmi  defeat  ing 
the  Japanese,  but  1  i*  was  greatly  concerned  almm  the  failure  lip  to  that  lime 
to  defeat  the  Anophfh*  mosquito.  Thanks  tn  this  understanding  of  the  power 
of  the  /^Mtfmxfitt/w-nithropod  axis  and  thanks  in  the  mi|n<H>  attack  on  ihes** 
enemies  by  American  and  Australian  nniinialnria  |>crsaniiel.  ns  rreoiiuied  in 
chapters  III  and  X,  1  \S.  Fnrcps  from  mid-ltU.*’  onward  wtiged  a  fast  and 
successful  war  through  some  of  the  most  malarious  areas  on  earth. 

Nearly  all  of  the  chapters  that  follow  were  written  soon  after  the  war  by 
men  who  look  an  active  part  in  the  struggle.  l'la<-c  names,  epidemiological 
facts,  and  nut  hors'  titles  ap|>car  as  they  existed  during  the  |  tern  si  of  AVorhl 
War  IF.  The  authors  have  not  glossed  over  early  mistakes  and  omissions 
which  |K*imitt«l  ntnhiriii  rates  in  I'.S.  Forces  to  climb,  at  times,  to  such  appall¬ 
ing  heights  ns 2.700  per  1,000  on  Efate,  in  the  second  mouth  of  isriipatiou  :  1.7x1 
per  1 ,1(110  on  (inndiilraual.  in  Xovemlier  10451:  4.000  |s*r  1.000  at  Milne  liny, 
in  late  l!>42:  and  the  fart  (as  noted  in  chapter  IX)  dial  inidui  in  hastened  the 
surrender  tin  llataan.  Each  author  has  attempted  to  give  an  accurate  account 
of  the  difficulties  and  the  errors — and  of  the  ways  in  whieh  tliese  weiv  over¬ 
come.  Tlieiv  are  valuable  lessons  in  these  chapters,  published  mil  merely  for 
the  record  hut  in  the  ho|ie  that  some  of  die  pitfalls  may  lie  avoided  in  the 
future,  although  |>erhaps  one  is  unduly  optimistic  to  believe  t lint  die  lessons 
of  one  vvnr  are  ever  remeniliered  in  the  next.  That  memory  is  n  sieve  Inis  lieeii 
demonstrated  over  mid  over  again  with  regard  to  military  iiinlnria  control. 
Quoting  Macrullo^h,,  “*  *  •  mid  still  it  would  seem,  as  if  fntal.  that  die 
wisdom  and  experience  of  one  generation  should  lie  forgotten  liv  the  next,  that 
pence  should  extirpate  the  knowledge  that  had  lieen  gained  in  war  *  *  *.** 

MALARIA  IN  PAST  VARS 

For  centuries,  it  has  been  recognized  that  there  must  lie  command  respon¬ 
sibilities  if  preventive  measures  against  disease  are  to  lie  successful  in  military 
forces.  In  1764  for  example,  John  Pringle  noted  the  fact  in  the  preface  of 
his  classical  book  on  diseases  of  the  army  that  he  was  writing  ufor  the  informa¬ 
tion  of  officers  as  well  as  physicians.”  *  Both  in  his  preface  and  in  tile  text, 
he  wrote  tli at  “the  prevention  of  diseases  cannot  consist  in  the  use  of  medicines, 
nor  depend  upon  anything  a  soldier  shall  have  it  in  his  |iowrr  to  neglect,  hut 

>Ma«nl1oek.  Jobs:  Malaria;  as  E»**y  on  Ike  Prodwttoa  aval  Propa ratio*  of  Tkla  INtlwi*  aad 
oa  the  Naiar*  and  Locality*  of  the  Place*  by  Which  It  la  Prod  a  red ;  WHh  aa  Raawerall«a  of  the 
CHueaar*  Cauiwd  hy  It,  aaf  of  the  M*aa*  of  Pr*v*atla*  or  Dtalalaklaf  Theaa.  fte.lh  at  IImw  and  la 
the  Narnl  and  Military  Service.  Philadelphia:  Thoaa**  Kite.  IK29. 

■Prlagle,  Jofca:  Obeerratloa*  oa  the  M ******  at  the  Araay.  4th  edllloa.  I^ado*  :  A.  Millar. 
1784. 
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upon  sucll  orders  ns  shall  not  apfiear  unreasonable  to  him.  :in<l  such  ns  he 
must  necessarily  oliey.”  In  15)10.  Col.  (\  11.  Melville,1  professor  of  hygiene, 
Roy n  I  Army  Medical  College.  lymdnii,  wrote  for  Ronald  Ross  a  chapter  on 
malaria  prevention  in  war.  In  this,  he  coumieiiied  that  as  regards  antinialaria 
measures:  “A  specially  selected  medical  officer  should  he  placed  in  charge  of 
these  o]>erntions  with  executive  and  tlixciji/inurf/  ptnrt /■*.  a  step  that  has  proved 
to  be  so  effective  by  the  officers  of  the  1\S.  Army  in  Cuba  and  elsewhere.” 

It  is  a  simple  truth  that,  in  an  army,  discipline  is  as  important  in  tiyrlit iit}; 
disease  ns  in  fighting  the  liuiiian  enemy.  Rut  this  seemingly  obvious  fact  was 
almost  completely  forgotten  in  the  early  months  of  World  War  II  when  their 
was  often  what  Miicrnlloeh  referred  to  in  1820  as  "a  contempt  mid  an  incredu¬ 
lity  res|»ecl injr  malaria.”  The  attitude  of  all  too  many  eominaiid  officers  was 
at  first  similar  to  that  re|>orted  of  a  general  officer  in  a  highly  malarious  atva 
who,  at  a  time  when  some  40  pereent  of  his  forces  weir  silirad.V  ill  with  niillnrin, 
resented  all  suggestions  of  malaria  prophylaxis  and  said  that  if  one  had  to 
play  with  mosquitoes  in  wartime  that  |K‘rson  should  go  Imck  to  Washington 
and  stop  Imiliering  him  while  lie  was  so  busy  getting  ready  to  tight  the  .laps. 
Unfortunately,  before  Itis  forces  did  any  liglitingul  nil.  they  wpre  ignoininioiisly 
routeil  by  nnopheliiie  mosquitoes  and  were  all  evacuated  to  it  irar  iireu  for 
niulnriti  therapy  mid  eouv:desceu<-e. 

Most  line  officers  and  all  too  many  medical  officers  ut  the  ls-ginning  of 
World  War  II  were  ignorant  iiImmii  malaria  am)  its  ]x>tentiul  for  disriqitiiig 
military  o|>enil  ions.  This  was  imderstnndnhlc  in  newly  recruited  |*-rs<muel 
but  hard  to  excuse  iu  regular  officers  presumably  trained  to  light  ill  any  part 
of  the  world.  For  the  history  books  are  full  of  examples  of  nuilarin  s  military 
power.  As  Melville  wrote:  ”Tlie  history  of  nialurin  in  war  might  almost  be 
taken  to  lie  the  history  of  war  itself,  certainly  the  history  of  war  in  the  Chris¬ 
tian  era.*’  lie  mentioned  the  fevers  in  the  French  and  Austrian  armies  in 
the  Italian  campaigns  of  18.V)  and  the  disastrous  Wnlclieren  K\|»edition  a 
century  earlier  iu  the  Low  Countries  wtien  the  British  were  conquered  by 
malaria  before  a  battle  could  be  fought .  Melville  commented  on  the  1834  West 
African  campaigns  as  follows:  “It  can  scarcely  he  called  a  war.  as  an  enemy 
was  never  seen,  or  a  grain  of  powder  expended ;  our  troojis  were  defeated  by 
disease,  much  of  which  was  preventable.’’  Then,  there  was  the  French  cam¬ 
paign  in  Madagascar  in  189*>  when  tliere  were  13  deaths  in  action  and  over 
4,000  deaths  “due  almost  entirely  to  malaria!  fevers  and  tlteir  sequelae.” 

Numerous  other  examples  could  be  cited,  such  ns  that  of  Macedonia  in 
World  War  I  when  malaria  immobilized  British,  French,  and  German  armies 
for  3  years.  On  one  occasion,  when  the  French  commanding  general  was 
ordered  to  attack,  he  replied:  “Regret  that  my  army  is  in  hospital  with 
malaria.”  Nearly  80  percent  of  120,000  French  t  loops  in  this  area  were  hos¬ 
pitalized  with  malaria.  In  tin  average  British  strength  of  124.000,  there  were 


•MrtrUI*.  C.  H. :  Tko  PsthUm  of  Molorto  la  War.  la  Tko  Prrroatloa  of  Malaria  ky  BaaaM 
Im.  2d  odlttoa.  Loadoa :  Joka  Marraj,  1*1*.  n>.  377-5*8 
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162,512  admissions  lo  hospital  for  mu  1st ri;i  during  the  vein's  l!Hti  to  1!>1S,  in 
contrast  lo  26,7<i2  killed,  wounded.  prisoner,  mid  missing  in  action.  In  t lie 
spring  of  1!)1M,  iiImiiii  25,noo  licit  islt  soldiers  wen*  sent  home  from  Minvdoiiin 
with  elironie  nmhniii.  mid,  a |>:i  1*1  From  these  evnrnees.  over  2.0OO.IHH)  mini-days 
were  lost  to  the  liritish  Army  in  this  mvn  in  1!H8  because  of  malaria.* 

BASIC  MALARIA  EPIDEMIOLOGY 

To  litiderstiind  why  mnkiria  run  so  seriously  disni|it  an  tinny,  one  most 
know  ii  few  hnsie  |irinei|iles  of  intiltirin  epidemiology.  For  rxinnple,  except 
for  oeciisiniinl  neeidenlnl  inflations,  as  hy  IiIimmI  transfusion,  man  acquires 
malaria  only  through  the  liite  of  no  anopheline  inosi|iiito.  No  other  genera  can 
trmismit  the  disease,  and.  in  praetii-e  only.  alMint  At t  of  some  2<H1  sjieries  of 
Anojihthu  are  elosi'ly  enoii^rh  iissoeinted  with  man  to  lie  dangerous.  Most 
aiiophelinrs  feed  on  animals.  Then*  was  no  mnlnrin  in  New  Caledonia  lieeanse 
there  were  no  Anojthrif*  mos<|iiitoes  there.  No  malarial  infeetions  oecnrred 
on  the  lint  roast al  plain  or  mini); rove  swamp  mens  of  the  Philippines  I shii use 
the  uitoplieliues  in  those  amis  do  not  feed  oil  man.  In  the  Philippines,  nnilariii 
is  transmitted  hy  a  sjieeiesiif  Anopheh *  that  breeds  ehiefly  in  foothill  streams. 

Secondly,  then*  ran  lie  no  mnlnrin  transmission  if  there  are  no  malaria 
parasites  in  inaii  nvniluhle  to  the  mosquitoes.  For  e.xtniiple,  there  are  potent 
mnlnrin  vector  mosipiiloes  in  iininy  mens  of  our  Suit  hern  States  lint  no  mnlnrin 
transmission  liecaiise  none  of  the  residents  Inis  innlaria  parasites  in  his  blood. 
When  soldiers  liirnmie  in  eommniiit ii*s  when*  then*  are  jmnisites  in  the  blood 
of  the  residents  and  vector  mosquitoes  in  the  area,  it  is  n  foregone  eonehision 
that  many  of  the  soldiers  without  protection  will  liecome  malarious.  This, 
in  turn,  will  increase  the  ]iarasite  reservoir,  and  there  will  lie  an  epidemic 
among  the  soldiers  unless  preventive  measures  are  taken  promptly.  Anotlier 
important  fact  is  tliat  unopheliu<>s  an*  rarely  effective  vectors  over  a  radius 
much  longer  than  a  mile  and  a  half.  Yet  lime  and  time  again,  troops  wet* 
allowed  to  bivouac  in  highly  malarious  surroundings  when  safe  kirations  could 
have  been  utilized  a  mile  or  two  away. 

It  is  also  important  to  know  that  different  species  of  anophelines  have 
different  breeding  habits.  All  develop  only  in  water,  but  some  prefer  rice 
paddies,  some  pools  and  puddles,  some  foothill  running  streams,  some  swamps 
or  ponds,  some  marslies,  some  wells,  some  fresh  water,  some  brackish,  some  sun, 
and  some  shade.  Tlierefore,  malaria  control  requires  the  lielp  of  trained 
entomologists  or  malariologists  wlto  know  or  can  find  out  tlie  habits  of  the 
mosquitoes.  For  example,  on  Guadalcanal  nml  in  West  Africa,  wliere  tlie 
vectors  breed  in  jmioIs,  puddles,  and  wheel  ruts,  T'.S.  Armed  Forces  created 

1  <11  KuMtiHI,  Pail  F..  West,  Latter  8.,  aid  Maawell,  Kealiiald  U:  l*mriir»l  Malnrtoloff.v. 
Philadelphia  :  W.  B.  Sauaden  Co.,  It4«.  (2)  Marl  maid,  A.  0. :  rrereaUon  of  Malaria.  7a  lllMor? 

of  tte  Urrat  War  Baaed  oa  OMctal  Doruaaeit*.  Medical  Merrier*.  IlyjrtriM*  »(  the  War.  edited  hy  W. 
0.  Maepherwou.  W.  H.  Horroeka,  aad  W.  W.  0.  Berertdire.  Ltatlnn:  Ilia  Ma^iy*  Miail»ner>  Oin>. 
192.1,  Tttl,  II,  pp.  189-238. 
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thousands  of  bleeding  phn-es  for  tlie  local  uiiiliirin  vectors  mid  thus  jjrently 
increased  the  tininliei-s  of  niiiliii-iii  mosquitoes  and  so  the  cases  of  malaria. 

The  fact  that,  most  iinopheline  vectors  feed  only  at  night  is  important. 
In  West  Africa  and  elsewhere,  U-S.  Forces  suffered  from  much  preventable 
malaria  by  jiei-mitting  unprotected  soldiers  to  attend  night  movies  where  they 
were  easy  prey  to  the  night-biting  inn  hi  rin  1  mosquitoes.  Air  Forces  personnel 
taking  planes  from  the  I'liitctl  States  to  the  l*nited  Kingdom  via  South 
America  and  West  Africa  were  often  billeted  in  unscreened  or  poorly  screened 
quarters  at  Kknes  Field  and  in  the  Dttktir-Ktifisqiie  urea  of  French  West  Africa 
where  the  iniihiriu  rates  nnioiig  the  base  (lei-sonnel.  in  the  lint  limn  of  1943, 
sometimes  exceeded  1,500  per  1,000.  Many  Air  Forces  officers  who  had  Bpent 
a  night  or  two  in  these  ureas,  therefore,  devehqied  iniihiriu  in  noinnalarioua 
England  and  so  were  out  of  action  when  badly  needed. 

The  epidemiology  of  main  rin  and  the  leclmicnl  application  of  control 
measures  are  basically  the  same  in  military  its  in  civilian  communities.  But 
tliere  lire  some  differences.  The  following  features,  for  instance,  tend  to  make 
malaria  control  easier  under  wartime  military  conditions  than  in  civil  life: 
Complete  authority  of  the  commanding  officer,  uniformity  of  living  habits  of 
the  |»ersomiel,  mid  ample  nntiiiuilaria  funds  and  supplies,  lint  other  features 
impose  handicaps:  for  example,  troop  mobility  and  dispersion,  necessarily 
based  on  tactics  ami  not  on  simitar)-  conditions;  a  great  deal  of  vital  nocturnal 
activity ;  difficult  logistics,  especially  in  combnt  zones;  enemy  action,  mines,  and 
]>oobytrH|>s:  mid  comlmt.  tension  when  the  chief  concern  is  not  malaria  control 
but.  immediate  life  mid  death.  Moreover,  n  military  force  operating  where 
malaria  is  endemic  generally  buds  tlie  malaria  potential  greatly  increased. 
In  jungly  areas,  necessary  clearing  ujiens  up  breeding  wafers  for  nnopheline 
vectors  tlmt  prefer  sunlight,  and  other  o|te rations  often  tend  to  multiply 
breeding  places.  In  civilized  areas  war  often  forces  the  jieople  out  of  cities 
into  the  malarious  countryside  when*  they  live  in  slielters  exposed  to  infective 
mosquitoes.  Loral  health  services  are  disrupted  or  abandoned  so  that  there  is 
no  civilian  malaria  control.  Thus  troops  may  be  ex]msed  to  malaria  incidence 
much  greater  tlmn  normal  for  tire  area.  Trendies,  foxholes,  tank  traps,  gun 
emplacements,  vehicle  ruts,  shell,  bomb  and  mine  craters,  sabotaged  irrigation 
projects,  streams  ]»onded  by  bridge  nibble  and  improvised  causeways,  drainage 
blocked  by  hastily  built  airfields  and  highways,  all  may  provide  additional 
breeding  places  for  malaria  mosquitoes.  An  army  must  depend  largely  on  its 
own  efforts  to  prevent  loss  of  manpower  due  to  mosquito  action.* 

MALARIA  LESSONS  FROM  WORIJ)  WAR  II 

The  following  chapters  make  it  clear  that  out  of  World  War  II  came 
certain  fundamental  lessons  regarding  military  malaria  control.  The  principal 
general  lesson  was  tlmt  it  is  impossible  to  control  malaria  effectively  in  military 


•  if*  footaot*  3  ( 1 ) .  p.  4. 
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forces  in  highly  iiuiliirinns  ureas  unless  commanding  officers  from  highest  to 
lowest  echelons  n rr  uitiliiriii  conscious.  Training  mill  educat  inn  of  laith  medical 
mid  line  oHicers  in  regard  to  nuilariii  mid  its  control  are  essential.  Malaria 
eoutrol  in  tin*  army  is  a  military  problem.  A  niiilni-iii  |  ml  icy  must  not  only  lie 
formulated:  ii  must  lx*  oiifnreed.  Miilurin  discipline  is  nlisnlotely  necessary  to 
an  army's  success  in  lighting  t lie  /V<M/«o///«/M-niosqiiitn  axis.  This  umlnria 
discipline  iso  pari  of  w  I  nit  Sir  Neil  Canllie.  I  tired  nr  General  of  llrilislt  Army 
Medical  Services,  called  “I  Icalth  Discipline"  and  which  he  defined  »s  “measures 
tliai  concern  the  preservation  of  health  and  the  prevention  of  disease  which  lire 
enfn  ’vc(  I  by  d  isciplinary  means,"  ;  t'nutlie  tells  of  one  commander  who,  when 
he  hud  grns|a*d  the  ini|K>i1iilice  of  ltrij;.  N.  II.  Fairley's  pmnf  that  clinical 
inalariii  could  lie  prevented  by  taking  a  tablet  of  A  min  im*  tipiinncrine  hydro¬ 
chloride  or  inepacrine  hydrochloride)  a  day.  said  :  “Von  doctors  think  you  can 
prevent  iiiahiriii.  lint  yon  can't.  1  can  and  I'm  going  to."  This  lay  officer's 
declaration  that  lie  was  going  to  prevent  malaria  signified  a  vital  turning  |toint 
that  made  victory  |>ossible.  Again  quoting  ('untlie:  ■‘When  for  tin*  lirst  time 
in  history  a  combatant  officer  was  considered  unlit  to  coiiinuind  a  unit  on  the 
grounds  I  bat  lie  Inid  allowed  bis  men  to  lieeonie  inetfective  through  disease, 
a  new  day  in  military  medieiiie  dawned.  The  elonds  of  forget  fulness  must  1101 
he  allowed  to  uvei'shadow  the  hrighlliess  of  that  day." 

The  second  general  lesson  was  that  it  is  scarcely  |Missihle  to  control  malaria 
successfully  in  any  blit  lightly  endemic  areas  or  ill  small  units,  unless  then*  is 
a  special  military  malaria  control  organization  to  survey,  plan,  execute,  super¬ 
vise.  mid  maintain  the  muncmiis  and  technical  measures  that  must  lie  carried 
out  continuously  if  malaria  is  to  la*  defeated.  Personnel  charged  with  all 
manner  of  sanitary  duties  cannot  give  tin*  time  ami  rare  to  malaria  that  is 
required  for  its  coutrul.  Full  and  undivided  attention  hy  a  specially  trained 
malaria  control  organization  is ultsoliitely  essential. 

A  third  lesson  was  that  malaria  supplies  and  )a*rsoiniel  require  priority 
of  movement  commensurate  with  their  importance.  Fur  example,  in  some 
areas  of  New  Guinea,  malaria  stqqdies  and  personnel  were  more  im|Mii1nut  to 
the  success  of  the  lighting  than  was  much  of  the  materiel  1>eiiig  sent  forward. 
Yet  early  in  1143,  malaria  supplies  for  use  in  the  Southwest  Pacific  were 
mostly  piled  up  on  the  piers  of  tlie  west  coast  of  tla*  1'nited  States.  The  few 
supplies  that  went  to  Australia  stayed  there  ami  were  not  moved  on  to  New 
Guinea  because  malaria  supplies  were  altotil  tenth  down  the  list  of  priority  of 
movement.  In  wartime,  everything  moves  from  the  rear  toward  the  front 
on  strict  priorities  set  by  the  theater  rommnnd.  When  the  need  became  olivious 
in  May  1143.  tlte  priorities  for  nialarin  supplies  ami  |x*rsonnel  were  raised  to 
first  place,  and  tlvereafter  no  serious  shortages  occurred.  This  action,  togetlier 
with  the  enforcement  of  malaria  discipline  ami  the  provision  of  specialist 
nialarin  control  and  survey  units,  turned  the  scales,  and  malaria  was  thoroughly 
defeated.  These  were  ihe  fundamentals :  (1)  Malaria  discipline.  C2)  S|a*cial- 
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izp«l  miiln I'iti  control  organization,  and  <:>)  high  priorities  for  movement.  of 
malaria  ]>ersomu>l  and  supplier.  Tito  military  e.\|»erieiiee  taught  onee  :i <»:i ill 
that  (he  prevent  ion  of  malaria  is  neither  antoninlic  nor  simple  Inn  is  com¬ 
pounded  of  law  and  |>ersiiasioii,  organization  and  training.  siip|)lics  and  tech¬ 
nical  application.  Once  I  lie  fundamental  lessons  were  learned,  I  lit*  mililarv 
malaria  problem  was  solved. 

ADVANCES  IN  MALARIOLOGY  IN  WORLD  WAR  II 

Certain  advances  in  multi  riolngy  during  Worltl  War  II  should  lie  briefly 
mentioned.  The  greatest  were  in  the  development  and  use  of  (1)  synthetic 
am  imulurinl  drugs  and  (2)  residual  insecticides. 

Antimalarial  drugs. — As  regards  niilinmlaritil  drugs.  World  War  II  lib¬ 
erated  us  front  (|uiniiie,  taught  ns  bow  to  use  Atnbiine,  anti  led  11s  to  such 
powerful  new  autinialnrials  as  chlorotpiiiie  and  nnmdiuqnin,  primaquine,  pro- 
quanil,  and  pyriraetbamine.  Quinine  and  its  source,  cinchonti  Imrk,  bad  beeit 
the  only  effective  medicament  ill  malaria  therapy  and  prophylaxis  for  over 
300  years.  Then,  when  the  Germans  were  nimble  to  obtain  quinine  during 
World  War  I,  they  liegan  to  experiment  with  synthetic  substitutes,  producing 
Plasmochin  naplitlioate  (pamaquine  lniphthonte).  in  1025;  Atabrine,  in  10:10; 
Resochin  or  Aralen  (cliloroquine  diphosphate),  in  1943;  and  Sontochin  or  Son- 
toquine,  a  little  later.*  Resochiu,  strange  to  say,  was  discarded  by  them  ns 
apparently  too  toxic. 

After  the  entry  of  Japan  into  World  War  II,  the  Allies  wen*  quickly  cut 
off  from  Indonesia,  the  principal  source  of  quinine,  and  so  they  Iwguu  mi 
extensive  program  of  research  on  antimnlurinls  both  in  the  United  Kingdom 
and  in  the  United  States.  The  secrets  of  Atabrine  manufacture  Imd  been  kept 
in  Geniniiiy  but  were  soon  solved  by  Allied  chemists,  and  the  drug  was  put  into 
large  product  ion  in  the  United  States.  Atabrine  immediately  gained  wide¬ 
spread  recognition  ns  an  excellent  thenqieiitie  agent,  bnt  there  was  some  con¬ 
fusion  aliout  its  use  as  a  prophylactic  until  the  classic  experiments  of  brigadier 
N.  Hamilton  Fairley  in  Australia  in  1043.*  These  proved  beyond  donltf  that 
one  tablet  of  Atabrine  (100  mg.)  a  day  would  prevent  overt  attacks  of  malaria, 
curing  those  due  to  Plasmodium  falciparum  and  postponing  clinical  manifesta¬ 
tions  of  P.  ri cm-  infections  until  the  drug  was  withheld.  With  relatively  few 
exceptions,  this  suppressive  Atabrine  could  be  administered  for  many  days 
without  serious  toxic  effect.  The  evidence  is  clear  that  the  taking  of  suppressive 
Atabrine,  when  strictly  enforced  by  suitable  malaria  discipline,  enabled  our 
forces  to  fight  in  highly  malarious  surroundings  without  being  hampered  hv 
clinical  malaria. 

•ill  1‘u rell,  Gordon.  Coalaoy,  G.  Robert,  Field.  John  W.f  and  Singh,  J«*want :  Chemolherapy  of 
Malaria.  Holograph  He rle*  No.  27.  Genera  :  World  Health  Organisation.  1953.  13)  Mont.  Harry  i 

Clinical  Trial*  of  An  1 1  mala  rial  Dm**.  J  a  Medical  IfeitartMcnt.  Called  Stale*  Amy.  Internal  Medi¬ 
cine  la  World  War  11.  Volua*  11.  lnfectlou*  1  Huemtea.  Washington  ;  l',8.  Go  re  ra  men  I  Printing 
OOC0.1M3. 

•Fairley,  N.  H. :  Re*earche«  on  l’aludrlne  (M.  48S$)  la  Malaria.  Tr.  Roy.  Boc.  Trop.  Med.  ft 
ij*.  40(2)  :  103  131,  October  1910. 
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After  the  AH  in  I  occupation  of  Norili  Afric;i,  I  lie  All  it's  learned  iliut  I  lx* 
French  tin tl  fomul  Sontoqiiiiic  to  have  high  nutimuhinn  value.  This  led  to  the 
cx|il«ir:it  ion  of  a  large  series  of  4-:iiiiiuoqnini>rnics  hy  invest  igutors  in  I  lie  I 'oiled 
Stoles.  They  determined  that  (":iiii«M|iiiii  laiundi.-iipiin)  and  Ucsoehiu  or 
A  ra  lei  i  were  excellent  mitiiiinhi  l'iiil  drugs  eoiii|iar:ihle  to  A  I, a  I  nine.  Neil  her 
drug  Inh'iiiiii*  available  to  the  Army  in  any  qiiuiiiify  Udoiv  the  end  of  die  war. 

Ollier  wartime  >1  udies  were  dins- led  in  die  S:iiii!n<M|niuolines  and  led  lo  I  he 
discovery  of  primaquine  in  10 In.  In  die  overall  I'.S.  wariiioe  |irograni  ii|>  lo 
ll)4li,  tnoi-e  than  lli.OltO  rniii|x>iiiids  were  studied  for  a  ill  iinn  luria  values. 

Itritisli  invest i gators  also  earned  out  extensive  studies  on  malaria  drugs, 
anil  these  led  In  the  synthesis  of  quite  dilferent  hut  highly  elfeetive  eimi|ioiinds. 
|irugnanil  or  Pallid  line  tehlorgiianide  hydrochloride)  in  I!)  1 1  and  Duraprim 
or  nnilo<-ide  (pyrimethamine)  in  l‘.i.'>^.  re|xnlrd  hy  Covell  and  others. 

DDT.  I  >iehlonMli|iheiiyltrieliloriM>ihaiie  (DOT)  was  lirst  synt licsizcd  in 
1874  by  a  Viennese  |ilianitaeist,  ( >■  lunar  Zeidler.  who  at  the  lime  was  it  chemistry 
student,  in  Si rad  sun  g  interested  in  the  then  new  phenomena  of  urgauie  syn¬ 
thesis."1  He  did  not  investigate  the  |>ro|>erties  of  the  new  snlistaiice  hut  simply 
piildished  his  synthesis.  Then  in  l!t:VI»  in  Switzerland.  Paul  Muller  of  t  lie  <  Seigy 
Company,  swindling  fo<  a  toxieiint  that  would  hill  clothes  nmlhs.  resynthesized 
this  eoni|>oiind  and  made  his  Noliel  Prize-winning  discovery  that  it  wits  mi 
insecticide  of  reinarknlde  versatility.  TlieUeigy  Compiiny  liegau  in  1040-41  In 
market  the  snlistaiice  in  two  forms:  ( I )  A  .'i-|»ertviit  dust  called  (iesarnl  spray 
insecticide,  at  the  time  priuci|Nilly  for  use  lignins!  |Mrtat«  lieetles,  and  (*J)  n 
3-percent  dust,  called  Neocid  dust  insecticide,  fur  use  asn  luiisicide. 

Due  in  large  measure  to  the  I'.S.  Military  Attaclie  nt  Herne,  Mnj.  A.  11.  AV. 
Ue  Jonge,  samples  of  these  products  wen'  sent  to  tin*  (Seigy  Company's  New 
York  hraueli  and  In  laiiidon.  in  the  iiiitinim  uf  I'.M:!.  Studies  at  the  Orlando, 
Flu.,  lalaimlory  of  the  Bureau  of  Kutomnlogy  and  Plnnt  Qiiuniutiiie  del  non- 
si  ruled  lieyoud  question  that  this  new  insecticide  had  treuiemloiis  | vossihilit  ii-s 
not  only  iigainsi  lice  Inn  also  against  several  other  noxious  insects,  sueli  ns 
nmsqitilucs  and  honsell ies."  With  the  help  of  the  War  Product itm  Hoard,  the 
new  insecticide  was  put  into  large  production  us  soon  ns  |a>ssihle.  The  now 
universally  used  inline,  DDT,  was  first  applied  by  the  Itritisli  Ministry  uf  Supply 
in  1043.'*  DDT  was  lirst  added  to  C.S.  Army  supply  lists  in  May  l!M3.’3 

(ialmii  and  colleagues,  in  August  1!M3,  npjietir  tu  have  miide  the  lirst  prac¬ 
tical  tests  of  DDT  ns  a  residual  insecticide  against  adult  vector  mosquitoes.11 


H  RiipuHI,  Piinl  F. :  Man**  Xavlfrjr  of  UaUria.  N*w  York  :  Oxford  UalrrruMjr  Prfaa.  1933. 

11  Knlpllnr.  K.  F.  :  Tbr  DcvcIopMcnt  ud  Uw  of  DDT  for  Ibe  Control  of  Mimqiilloni.  J.  Nat. 
Mala  Hit  Roc  4  :  77-92.  Jnac  1943. 

“  Went.  T.  F..  and  Campbell,  O.  A. :  DDT.  The  Indnulrtal  CkemlKt  and  C  krai  Ira]  Manufacturer 
20:  401-4(15.  Repiember  1944. 

taBI*hopp.  F.  C. :  Preaent  Poaltloa  of  DDT  In  Ikr  Control  of  Intecli  of  Medical  Imporlince.  Am. 
J.  Pnk.  Health  M :  592-404.  Jane  1944. 

u  Gahan.  J.  B.,  Trarla,  B.  V.,  lforlon,  F.  A.,  and  LlndquDt,  A.  W. :  DDT  ata  a  Reatdnal-Tjrpe 
Treatment  to  Control  AnopAelea  fMfHaxrilitM;  Practical  Twin.  J.  Kroaonlc  Entunolofjr. 
88(2)  :  231-230.  April  1940. 
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They  >| >i':iy «■« I  the  interior  surfaces  <>l'  various  iv]h->  « > T  I n >i i-v*.-  mnl  lonml  the 
pnxediirc  10  Ixi  quite  ethviive  iign i n.-i  .1  tmj>hihs  ’I  In*  lirsl 

field  lest  in  which  residual  DDT  was  applied  to  tin*  i n( <*i  i<n-  surfaces  of  all 
lialiilalions  and  outbuildings  of  a  community  to  lost  its  clhvt  on  .1  ho  pin  lc* 
vectors  and  malaria  incidence  was  Ix-gini  in  1 1  si  ly  in  l  In*  spring  of  1011.  This 
experiment  was  cnmcd  out  in  tin-  town  of  Caslid  Volinrno  at  the  month  <>f  I  lit* 
Voltimio  Kivtn*.  north  of  Naples,  hv  the  Malaria  Control  Demonstration  I  nil 
of  the  Malaria  Control  Itraneh  of  ilie  Public  Health  Siih-Coiinnission.  Allied 
Control  ('oiiiinission.  Italy.  Spraying  Itegnti  on  IT  May  101 1,  and  this  c.X|x*ri- 
liicnt,  toother  with  a  second  one  started  later  in  the  Tilx*r  I  Vila  area,  lasted 
2  years.1"  The  .Malaria  Control  I  Vinous! ration  I'tiit.  tinder  the  direction  of  I  tr. 
F.  L.  So|M‘r,  consisted  largely  of  ntetnlx'rs  of  the  Ihx-kc  IVIIcr  Foil  tidal  ion  Ilea  It  h 
Commission  who  hail  hrillinntly  carried  out  their  litsi  assignment  that  of 
assist  ini;  in  typhus  control  in  Naples. 

These  highly  signiliniiil  c.X|>criiiienls,  tlx*  lirsl  to  prove  the  practical  use¬ 
fulness  of  residual  DDT  in  malaria  control,  were  |*ossil»lo  only  Uvaiise  of  the 
support  given  to  them  hv  the  ranking  C.S.  niedinil  otlicer  in  the  theater.  Maj. 
Gen.  Morrison  C.  Stayer,  and  his  preventive  medicine  otlicer,  Col.  William  S. 
Stone,  MC.  mul  by  the  eonniiaiuling  otlicer  of  the  Public  Health  Siih-t’oimiiis- 
sion.  brigadier  George  Parkinson. 

As  I  )l  »T  supplies  liemine  more  almndant.  many  ol  her  trinls  tinder  military 
mid  civilian  auspices  wen*  carried  out  in  101  I  ami  1045  in  various  parts  nf  the 
world.  They  led  directly  to  the  concept  of  ’‘nationwide  malaria  eradication*’ 
now  I  icing  applied  practically  in  so  many  countries.  DDT  no  doubt  vvotdd 
eventually  have  found  its  place  in  iiinlariii  eontnd,  but.  tilt*  war  needs  and  ex- 
|>ci  intents  greatly  accelerated  its  acceptance  ami  use  and  led  to  tlie  discovery  and 
appliention  of  similar  insecticides  such  as  lienzene  hexachloridc  and  diehlrin. 

Allied  malariii  eontrol  units  demonstrated  the  value  of  miliaria  control 
Ity  modern  methods  nil  over  the  world  with  such  striking  success  that  civilian 
authorities  were  willing  after  the  war  to  budget  large  funds  for  nntinmlnria 
programs.  There  emt  lx*  no  douht  that  antinmlaria  aelivit  ies  of  World  War  II 
constituted  a  prime  factor  in  the  development  of  the  present  move  for  world¬ 
wide  malaria  eradication. 

Other  advances. — besides  the  major  advances  in  preparation  ami  use  of 
synllietic  aittiinalarialsnml  insecticides  just  described,  there  were  certain  others 
os,  for  example,  the  improvement  in  repellents  represented  by  dimethyl 
phtlmlate;  the  increased  sco|te  nf  airplane  larvieidnl  dusting  with  paris green, 
dne  to  wartime  research  which  raised  the  prewnr  maximum  load  of  700  to 
3,000  pounds,  npplied  from  the  air  with  great  efficiency;  the  development  of 
pressure  cylinders  using  liquid  Freon-12  as  n  propellant  for  py  rethrum  insect  i- 


“Ropfr,  P.  L.,  Knlpc,  F.  W..  CoxUl.  G.  Rlrtal.  L  A..  dad  Rnfelao.  A.:  Rfiliirili*  of  Anaphrlra 
Denalty  Effected  by  the  Pit  J^ixoii  Sprayln*  of  Riilldlnjc  Interior*  vHh  DOT  In  Kfroww,  nt  CinUI 
Volturso,  Italy,  la  11M4  -10  and  In  Ihe  Tiber  Della  In  1!H3.  An.  J.  Trop.  Med.  27  :  177  200,  March 
1M7. 


1U 


l  < i.VI.M IN  II 'A Itl.i:  HISKASKS 


riilx  e.\|ielled  as  ii  11  Aerosol  mist;  the  lirondciiing  of  Inxoiiomic  siiul  biologic 
knowledge  uf  the  genus  Anophvh'H  around  llir  wurlil:  ;iih1  increased  uudcr- 
stnuding  of  i lit*  Plwwivdiu/H  and  its  growth  in  \  iv>».  in  vitro,  and  in  i  issue 
culture.1® 

Tlie  devising,  iiiniiiifnrt  nring.  mid  distributing  of  nutimnlnriii  .-ii|)|ilii>s  mid 
tM|iii|»im*ur  mis  notiilile  in  World  War  II  from  niid-l9|:>  onw.'ird.  I'misnnllv 
effective  c(Ki|MT;iiioii  from  the  liegiiiuing  of  the  war  was  ni.-iiulnilicd  ;iiin  >i  iir  I  lit* 
Army,  Xuvy.  I'.S.  Public  Ifeultli  Serviit*,  National  Ucseaivli  Council,  Bureau 
of  Kiilomnlogy  mid  l'liiut  Quarantine  of  t In*  L'.S.  Itcpnri  incut  of  Agriculliirc, 
War  Production  Hoard.  Institute  of  1  liter- American  Atliiirs,  indiisti iul  linns, 
lord  ini  I  s< -1  tools,  research  institutes,  mid  foiiiidnlions.  Inforni.ilion  was  freely 
exclninsfed  lielvveen  (lie  I'nited  Stales,  I 'oiled  Kingdom,  mol  Aiistenliii :  more¬ 
over.  ilie  three  Governments  effectively  sup|x>rted  vital  InlHiriitiiry  mid  lielil 
ex|M>riments.  Seldom,  if  ever,  Imve  research  nod  jirriel ie:il  ii|>|die:il  ion  in  pre- 
vent  ive  nieilieine  iinne  closer  together.11 

Man's  net  losses  from  World  War  II  were  so  enormous  tlnit  tliese  lessons 
and  advances  can  hardly  lie  called  dividends  or  be  jmintcd  to  with  pride.  The 
progress  in  innhiriology.  such  ns  it  was,  constituted  n  soil  of  salvage,  undoubt¬ 
edly  of  considerable  value. 

Hut  we  can  very  definitely  |*iint  with  pride  to  t lie  skill,  eournge.  anil 
devotion  to  duty  of  the  personnel,  officers  mid  men,  of  the  mnlnrin  organizations 
of  Hie  Army  in  World  War  II.  Trilmie  is  best  expressed  in  tlie  following 
message  which  Brig.  Gen.  (Inter  Mnj.  Gen.)  Guv  B.  Denit,”  Chief  Surgeon, 
Southwest  Pacific  Aren,  published  at  his  hendi|Uiirters  in  Peceinlier  1944: 

Tlie  mliH-llMi  Ilf  Ilie  malaria  attack  rate  In  Hits  Ibenler  to  a  |»lut  at  wlilrh  It  no 
longer  coiisl times  a  dmigvrous  ha imI lea |i  In  our  nillilary  effort  is  an  achii-renienl  »f  historl- 
eal  lio|siriaiMv  In  iireveiitlve  medicine.  II  has  Ix-cn  ihe  result  of  a  Joint  effort  which  is 
to  the  ureal  rredll  of  nil  who  hare  participated.  In  Ibis  accomplishment  Ilie  malarioio- 
gists  nail  ilie  inalnrin  survey  ami  malaria  eouiroi  mills  have  played  Ihe  major  role.  De¬ 
spite  harilshl|is  anil  often  dancer,  their  nehlevenienls  hnve  lieen  notable.  Tlie  Metlleal 
Deimnment  is  proud  of  your  inlltative  ami  perseverance,  of  your  pmfc«xioiinl  contrlhii- 
tiju.  .  and  »f  Ilie -t  riklia;  sms-ess  of  your  efforts. 

The  following  lHth  century  quotntiim  from  Pringle  (p.  2)  seems 
appropriate  ill  closing  this  introduction  :  “Yet,  however,  imperfect  these  sheets 
may  be,  I  lm|ie  they  may  serve  ns  ii  foundation  for  others  to  build  upon;  who, 
by  making  improvements  on  this  subject,  will  concur  with  me,  in  ,-itteui|>liiig 
to  draw  from  the  calamities  of  war  some  benelit  to  mankind.'’ 


P.  F. :  LrnMittM  Ib  Malarlology  FroM  World  W«r  II.  Ab.  J.  Trap.  Mwl.  2tl:  MS, 

Jaauary  1946. 

17  Symposium  on  a  Nalfciaal  Malaria  PmfniM  for  Ih*  Cunt  ml  of  Malaria.  7a  J.  Nat.  Malaria 
Hoc.  3  II):  Mirt  h  IWf  l'a|itnt  prwilH  at  the  Jotnl  of  Ibr  National  Malaria  Pmlrty  and 

Ihe  America  a  Society  of  Tropical  Medicine.  nmetlBji  with  Ihe  Snolbern  Medical  Axtmclatlon.  nt  Cln- 
clnnall.  Ohio.  IH  is  Nov.  MMa  by  J.  8.  RImbobr,  O.  K.  McCoy,  O.  J.  Brown.  8.  It.  Fwhtira.  II.  8. 
('iiBMlnr,  (i.  1.*.  Durham.  II.  E.  Melenejr.  F.  C.  Blnhopp,  tJ.  A.  Carden,  Jr.,  W.  A.  Sawyer,  nnd  J.  W. 
Mounlln. 

'•IVnli.  tJ.  B.  :  from  I  be  Chief  Rarjtroa  la  Ibe  Far  Ettxl.  Bull.  U.8.  Army  Med.  De|>l.. 

No.  S3,  p.  33,  March  I  M3 


CHAPTER  II 


War  Department  Provisions  for  Malaria  Control 


0 lit  er  R.  McCoy,  M.D. 


ORGANIZATION  IN  THE  OFFICE  OF  THE  SURGEON  GENERAL 

All Imu^rli  uiulnrin  ;nul  other  tropical  diseases  had  limp  lteen  of  concern  lo 
the  Army  in  relation  to  (hkis  in  Paiuinui,  Puerto  Rico,  anil  the.  Philippines, 
the  military  importance  of  these  diseases  increased  in  the  fall  of  l!'4l)  with  the 
acquisition  and  development  of  new  leases  in  the  Cnrihltenn  region.  At  this 
time,  formulation  of  tropical  disease  control  policies  was  included  among  the 
functions  of  the  Preventive  Medicine  Sulali vision,  all hough  no  orgnni/.ittioiml 
unit  for  tropical  disease  control  was  established  until  the  creation,  in  April 
1041,  of  the  SnlKlivisino  on  Medical  Intelligence  and  Tropical  Medicine  of  the 
Preventive  Medicine  Division.1  This  new  subdivision  was  to  (1)  collect  and 
coordinate  data  concerning  problems  in  tropical  preventive  medicine  and  sani- 
tntiou,  (*2)  coordinate  the  malaria  control  program  of  the  Army  in  the  United 
States  anil  ahroud,  mill  (.1)  maintain  tiles  of  rc|M>rts  on  the  incidence  and  pre- 
veution  of  the  diseases  indigenous  to  tropical  possessions  and  bases. 

The  unit  for  tropical  disease  control  continued  in  the  same  organizational 
status  until  2(5  March  1942,  when  Preventive  Medicine  was  reorganized  ns  a 
service.  At  this  time,  the  unit  was  transferred  to  the  Epidemiology  Division 
and  remained  there  until  1  January  1944,  when  it  separated  to  lieeoine  an  in¬ 
dependent  division.5  This  stntus  was  maintained  until  the  end  of  the  war. 

Before  1  January  1944,  the  unit  had  no  official  internal  organization. 
Upon  becoming  a  division,  the  following  organization  and  functions  were 
authorized : 3 

Tropical  ninaar  Control  Dirlilm  •  •  •  I H reefs  Uiv  nclt'lilc*  of  the  Central  Boli¬ 
des  Branch,  I  he  Kdncntlon  Branch.  the  Field  Hurray  Branch,  ami  the  Malaria  Central 
Branch. 

Control  Pottciv*  Branch  •  •  •  Establishes  policies  and  procedure*  fer  the  preran- 

tton  and  contra!  of  tropical  disease*  In  I  he  Army  In  this  counlry  and  overseas.  Matnlatna 
llalaoo  with  governmental  and  civilian  agencies  concerned  with  tropical  disease  central; 
analyaea  data  and  reisirts  dealing  with  the  morbidity  and  mortality  front  irojSnd  diseases 
In  the  Army;  recommends  Investigation*  of  special  tropical  disease  situations  when 
Indicated. 


‘twice  Order  So.  <7.  OBre  of  The  Surgeon  General.  ITS.  Army,  is  Apr.  1*41, 

* Oftco  Order  So.  OtVee  of  The  Siirisin  Geaersl,  U  S.  Amv,  l  Jnn.  1 04 4 

*  Manual  of  llrjmnlintlon  and  Bhindsrd  I'mellees,  Oflee  of  The  Surgeon  Generul.  I  S  Army,  15 

Mar  1*44 
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Kiluculion  Itninch  *  *  *  Initiates  informative  rin  nlai's.  im-ii  rs,  |kiiii|iIiIhs,  nml 

oilier  lii'itcri :il ;  arranges  programs  of  s|nu-I:iI  training  fur  M-hx-lcd  iht-s.iiii.-I  m-txh-d  In 
Irnpii'al  illsoasoroni  rol. 

I'iiiil  Sump  llrnurh  *  •  *  .Maintains  •-•m I with  Hold  iiivoiiaalimis  ami  Hold 

ooiKlilliiiis :  tKirlioipalos  in  sixx-inl  lic-ld  Investigations  dealing  with  tropical  diseases. 

.1  lain  rut  Control  Itruucli  *  •  •  Kxereises  general  advisory  sii|iervlsi»n  over  nativi¬ 
ties  related  In  malaria  eon! ml  in  tin-  Army:  advises  on  In  vo>l  lg.it ions  of  new  drugs, 
inilleriiils,  and  ei|ni|itnelit  it |>|illc-nl>le  to  llio  eotnrol  of  malaria,  ami  makes  reemnineniia- 
lions  ns  to  their  use. 

Ill  N'ovontlicr  1 1> I J.  niter  lln*  Preventive  Medicine  Service  moved  to  inte¬ 
grate  1 1  to  otliteal ionnl  function*  <if  llie  Servin'  in  a  single  Heitltli  Education 
Unit,  llie  Tropical  I  Incase  Coin  ml  1  >i visini  was  minHimill  v  reorganized  as 
follows: 4 

Tropical  hlucunc  Control  III  vision  *  *  *  Ilenls  with  prmednres  and  policies 
liearlug  on  llie  prevention  nml  eotilrol  of  tro|deiil  diseases  ami  iniilltlnlns  llnlson  with 
Itovernnienlal  nml  elvlllun  agencies  oiiKvriml  with  llie  heallli  of  llie  Army  In  tropical 
theaters  of  o|icrnlloti. 

field  .Surrey  Itraurh  *  •  •  Similes  mid  dlssenilnales  informal lun  nml  makes  rec¬ 
ommendations  on  reports  from  resenreli  lalsiralnries  and  Held  cNitrrlciices  In  new  methods 
for  llie  control  of  Insect -lioriic  mid  oilier  tro|deul  dlsnises. 

Pincaiic  iHulptln  Urnnch  •  *  *  Analytics  and  ncls  ii)hiii  reports  rnm-cmlng  the 

lm-ldenn-  of  lroplcul  dlsnises  and  Initiates  liifonnailve  materials  emu-crnlng  tropleiil  dis¬ 
eases  for  IndiH'Irlmillon  nml  refresher  training "f  troops. 

Malaria  Control  llranch  •  •  «  Assists  In  llie  fonnalullon  of  jsilley  for  nialnria 

control,  nialnliilns  liaison  with  other  divisions  of  Ihe  SCO  in  matters  rein  I  Inc  to  the  trnlnlnc 
and  o|ierallonal  use  of  nialnria  control  jM-rsoimel,  and  seh-cls  nml  arrances  for  special 
training  of  such  iiersonnel. 

No  personnel  were  specifically  assigned  to  tropical  <lisea.se  control  until 
IS  May  1912,  w  hen  Lt.  Col.  (later  Col.)  Paul  F.  Russell,  MC,  rejiorted  for  duty 
as  chief  of  the  Tropical  Disease  Control  Section  within  the  Epidemiology 
It  ranch.  Personnel  of  the  unit  alwiivs  remained  a  small  group,  never  enlarg¬ 
ing  beyond  four  officers. 

ORGANIZATION  FOR  MALARIA  CONTROL 

Control  of  malaria  first  became  a  problem  when,  in  the  fall  of  1940,  the 
mobilization  program,  involving  tlie  training  of  Urge  numbers  of  troops  in 
Southern  States  wliere  malaria  was  endemic,  was  instituted.  Planning  of  the 
organization,  personnel,  and  finances  necessary  for  malaria  control  at  installa¬ 
tions  in  tlw  continental  United  States  became  a  function  of  the  Sanitary  Engi¬ 
neering  Division,  Preventive  Medicine  Service,  OTSG  (Office  of  The  Surgeon 
General).  Early  in  the  year,  steps  wi  re  tnken  to  obtain  the  cooperation  of 
the  U.S.  Public  Health  Service  in  carrying  out  measure,  of  sanitation  in 


*  Annnal  Report,  Tropical  Dlseasa  Control  Dlrlalon,  Preventive  Medicine  Service,  Offlce  of  The 
Snrreon  General.  1M4, 
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extrainilit.'iiv  ureas.'  ( *< « >| m‘i;i ti< >i i  of  this  agency,  which  was  first  utilized  in 
ilia  lieu  ver  areas,  was  soon  exl  ended  to  inelnde  ext  raeaiitoiinieut  /.ones  at  Regular 
Army  stations.11  The  malaria  routml  program  in  the  eoiitinenliil  I’nited  States 
was  thus  a  coo|>erative  effort.  mosquito  rout  to  I  within  military  reservations 
being  carried  out  by  the  Army  and  in  extramilitary  zones  by  the  I'.S.  Public 
Health  Service. 

During  1941,  the  sum  of  Sl.oiHi.000  for  the  Army’s  mosquito  control  pro¬ 
gram  was  obtained  through  a  s|»ccial  allocation  of  funds  by  the  budget  ofliepr 
of  tlio  AVur  Department.7  The  work  was  earried  out  by  post  surgeons  muler 
tlie  general  direction  of  the  corps  area  surgeons,  utilizing  the  advice  and  assist¬ 
ance  of  entomologists  and  sanitary  engineers.  In  I  lecemlper  1941,  the  (  'orps  of 
Engineers  took  over  the  responsibility  for  mosquito  control  work  which  was 
previously  a  function  of  the  Quartermaster  Cor|>s.  Post  engineers  were  author¬ 
ized  to  employ  civilian  hilmrers  and  siqiervisors  to  jxu'fortn  the  control  work. 
Beginning  ill  July  1943,  insert  mid  rodent  control  sections  were  established 
in  the.  Office  of  the  Chief  of  Engineers  and  in  the  ollires  of  service  command 
engineers  to  promote  and  coordinate  the  various  usjieets  of  the  mosquito  con¬ 
trol  program.  The  Medical  Department  retained  res|ionsil>ility  for  surveying 
the  tnahtrin  problem,  reconmtendiug  measures  needed  for  rout  ml,  and  exorcising 
technical  supervision  overtheexecution  of  these  measures.8 

As  a  result  of  the  cooperative  antimosqtiilo  program  of  the  Army  and  the 
IT.S.  Public  Health  Service,  the  ntnlaria  rate  among  troops  in  the  continental 
United  States  was  maintained  at  satisfactorily  low  levels  in  1941  and  1942  and 
dropped  to  almost  negligible  figures  in  the  succeeding  years.  The  rales  per 
1,000  per  annum  during  the  war  period  were  as  follows:  For  1941,  1.7;  1942, 
0.<‘>:  1943,  0.2;  1944,  0.2;  and  194.3,  0.1.*  The  effectiveness  of  the  program  may 
be  judged  hv  comparison  with  the  average  annual  rnte  during  the  10  preceding 
]>e»cetiuie  years,  1931  to  1940  inclusive,  which  was  approximately  2,3  (chart  1). 

The  situation  was  quite  different,  however,  in  oversea  theaters,  especially 
where  conditions  of  combat  prevailed.  By  the  time  t lie  Tropical  Disease  Con¬ 
trol  Section  was  established  in  May  1942,  malaria  had  become  a  disease  of 
crucial  military  iui|iortaiiee.  A  definite  organization  was  needed  to  furnish  the 
expert  technical  guidance  required  for  effective  control  among  troo]>s  operating 
in  the  field  in  highly  endemic  regions.  Experience  in  other  armies  and  in 
civilian  nmluria  control  programs  had  nqientedly  demonstrated  that,  to  obtain 


•  LeUfr,  The  Secretary  of  War,  to  Administrator.  Federal  Security  Ageacy,  30  Jan.  1M0,  and 
reply  dated  12  Feb.  1040. 

*  Letter.  The  Adjntant  General.  War  Department,  to  Commanding  General*.  First,  Second.  Third, 
and  Fourth  Armies.  and  Commanding  General  of  each  Corps  Area.  4  May  1M0,  subject:  Extension 
of  Present  Ttlllaatlon  of  the  L*.S.  1‘tibllc  Health  Service. 

T  Letter.  Lt.  Col.  F.  C.  Tyng,  Chief.  Finance  and  Supply  Division,  to  the  Budget  Officer  of  the 
War  Department.  10  Feb.  1JM1,  subject :  Mosquito  Control,  and  reply  therein,  MaJ.  Gen.  H.  K.  Lnnghry. 
Budget  Officer  for  the  War  Department.  W  Mar.  1041. 

•  Army  Regulations  Xo.  40-203.  31  Dec.  1042;  Army  Regulations  No.  40-210.  15  Sept.  1042. 

*  Statistical  Health  Report*.  Medical  Statistics  Dlvlxhtn,  Surgeon  General**  Office. 
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Chart  1. — A<lnii*«ion  rati*  far  Malaria,  t'.s,  .Inn it,  nw/iin  atal  f  itilnl  stair*.  Woiht  War  t 

amt  War  til  War  II 1 


l  ttute  exitrcwed  as  mini  tier  ut  nilmKdnns  ft  eliniiii,  i„r  I.ihsi  ill  eriin'  el  renin  It  | 
tAtl  «ATt 


1  Katei  for  1»44  are  provisional,  bawd  on  weekly  «t.  Helical  report*,  nn<l  exclude  cnees  resulting 
from  orenen  exposure. 


successful  results,  technically  t  mi  lied  |>ei'Soiiiiel  must  lie  urbanized  mid  desig¬ 
nated  to  do  the  work.  Tn  Septeinher  1!M2,  it  whs  therefore  recommended  that 
a  special  malaria  control  organization  be  authorized  within  the  Med ical 
Department  to  function  in  tlie  malarious  nrens  in  oversea  theaters:'" 

Experience  has  taught  that  nn  nntitnalnrla  organisation  tn  nu  army  must  lie  respon- 
allile  not  only  for  recoanalutauce  amt  plans  but  also  for  curry  Ini:  out  tbe  nctuiil  control 
operation*.  It  ha*  proved  Impossible  to  obtain  adequate  pmtrellon  when  a  nmlarla  unit 
function*  merely  In  a  consulting  or  advisory  capacity.  Tbe  normal  demaml*  on  tbe  medical 
and  sanitary  personnel  In  nonmalarious  areas  continue  to  exist  In  very  malarious  area* — In 
fact,  they  are  usually  Intensified  Therefore,  the  atlilltlou  of  specialist  |>er*onnel  for 
malaria  control  is  advisable,  logical  ami  urgent.  Without  adequate  control  it  Is  certain 
that  malaria  In  many  areas  will  Immoblllae  large  numbers  of  troops  and  will  cause  more 
casualties  than  the  enemy. 

It  Is  recommended  that  In  those  areas  where  nmlarla  is  a  special  problem,  certain 
selected  specialist  personnel  be  added  to  the  existing  medical  and  sanitary  establishment 
of  the  Army  to  deal  primarily  with  malaria  control  •  •  •. 

War  Department  General  Staff,  G-l  (Personnel),  endorsed  this  request 
favorably  on  0  October  1042  and  recommended  immediate  action.  The  As¬ 
sistant  Chief  of  Staff,  G— 1  (Operations  nnd  Training),  requested  the  coni- 


'•  Letter,  The  Surgeon  General,  to  The  Adjurnnl  General.  Wnr  Depart  meat ,  ill  Se|.t,  1!H2.  sub- 
Jeel :  Malaria  Control. 
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manding  general  of  Services  of  Supply  to  determine  t  lit*  opinions  of  the  several 
theater  eommaiideis  on  their  I'eqniremeiits  for  s|ieciiil  :ii>i  imalaria  |>ers<>niiel 
ami  authorized  iliivct  coinniuniciition  for  the  pnr|M>sr."  Accordingly.  The 
Surgeon  Ceneral.  on  24  Octolicr  1142.  mhlresseil  letters  lo  the,  ('oninmmler  in 
Chief.  Southwest  Pacific  Area,  and  to  the  commanding  generals  of  I’.S.  Army 
Forces  in  the  Middle  Fast,  Central  Africa,  Cliina-llnnna-lndia,  South  Pacific 
Area,  the  Carihlican  Defense  Coiomaml,  and.  in  view  of  the.  Iaitaliii«r  in  north 
Africa,  the  Kuro|>eai)  Theater  of  ()|>eratioiis.  These  letters  reconiniended  that 
selerted  specialist  personnel  Ik-  added  to  existing  medical  and  sanitary  cstali- 
lishmcnis  to  deal  primarily  with  malaria  control  and  asked  that  appropriate 
requisitions  he  submitted. 

The  malaria  control  organization  was  recommended  lo  include: 

1.  A  omlariolojrisl.  and  one  or  more  assistant  malariologists  as  needed : 
medical  ollicers  trained  in  large-scale  malaria  control  met hods. 

2.  Malaria  survey  unit.— An  entomologist,  a  parasitologist,  II  technically 
traimsl  enlisted  |M'rsonnel,  and  necessary  lalmratory  and  traus|K>rtatioti 
equipment. 

•'!.  Malaria  control  unit. — A  sanitary  engineer,  II  enlisted  men  trained  in 
held  methods  for  malaria  control,  and  equipment  necessary  for  drainage, 
mosquito  larvicidal  work,  and  transportation. 

1.  Antiimdnriii  Inlmr  gangs. — Laborers  recruited  locally  as  required  to 
work  under  the  su|>ervision  of  a  malaria  control  unit. 

5.  Antimalaria  squads. — Military  |K*rsonnel  assigned  to  conduct  minor 
measures  for mosquito  control  within  their  unit  areas. 

The  bnsic  functions  of  the  malaria  control  organization  wen*  deserilted  to 
include: 

1.  Kvaluatiou  of  the  malaria  problem  by  surveys  to  determine  the  amount 
ami  distribution  of  malnriti  and  the  s|»ecies  and  habits  of  mosquito  vectors  in 
the  area. 

2.  Institution  and  supervision  of  umlnrin  control  measures. 

2.  Training  of  troops  in  general  control  measures  and  methods  of  indi¬ 
vidual  protection  against  malaria. 

4.  Assistance  in  the  control  of  other  insect-borne  diseases  when  indicated. 

The  malaria  survey  and  control  units  were  new  and  untested  organizations. 
War  Deimrtnieut  approval  of  tliem  was  contingent  upon  a  favorable  resjwnse 
from  oversea  tlieaters,  which  were  just  beginning  to  exjierienre  the  impact  of 
malaria  casualties.  The  building  up  of  the  organization  was  slow  because  units 
could  not  be  activated  until  requests  for  tliem  bail  been  received  by  the  War 
Department.  A  major  proportion  of  the  activities  of  the  Tropical  Disease 
Control  Division  was  devoted  to  promoting  the  development  of  the  malaria 
control  organization  by  encouraging  use  of  the  units  overseas  and  through 
supervision  of  the  selection  and  training  of  personnel  in  this  country.  It  was 


11  Lflkr.  Aaslatant  Chief  of  8l«f,  0-3  (OiHTnUtma  I  >1  virion),  U*i»r  l^pnrlment  Gem-nil  Kfnflf.  lo 
Commit  ruling  OpimtuI.  Sm  ln-jt  of  8n|>H.v,  14  <101,  I  IMS.  Mibjeei  :  Mnlttrlit  Control. 
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only  after  (lie  organization  had  |>rove«l  its  worth  in  the  field  that  inahiiia  units 
were  regularly  included  in  the  planning  of  future  o|N*ra lions. 

The  first  reply  to  the  letters  sent  to  the  oversea  theaters  in  October  1942 
was  received  from  t lie  South  Pacific  Atv:i  on  i’ll  Novctnlicr.  Tims'  nialariolo- 
gists,  three  assistant  nnihiriologists.  three  survey  units,  anil  three  control  units 
were  reipiesteil.  On  1  Peecnihcr  lWi,  :i  reply  was  received  from  the  Sail  It  west 
Pacilio  Area  requesting  1  tnalariologist.  «  assistant  nialariologisi-.  1  survey 
units,  mid  1*J  control  units.  Tr-.ins|M>iiafi<ni  hy  air  was  authorized  for  certain 
of  the  ollicrrs  and  enlisted  |n‘rsonncl.  On  the  Intsis  of  these  requests,  the  ptv- 
liminary  plans  for  tallies  of  organization  and  equipment,  which  had  Imen  made 
in  cooperation  with  the  I^-tlioralorv  and  Sanitary  Kngiiii'cring  Divisions,  were 
completed  in  conjunction  with  the  Plans  ami  <)|>ei‘atioiis  Division,  OTSO.  In 
coordination  with  Operations  Division.  War  Department  (ieueral  Stair,  an 
administrative  tnecliatiism  was  adopted  whereby  the  survey  and  control  units 
were  to  lie  formally  activated  and  each  given  a  mmilier.'- 

During  December  1942  ami  Jamtary  19 11,  addiiional  requests  for  malaria 
control  jiersonnel  were  received  from  Central  Africa,  ('hina-lhiniia-lmlia.  •  lie 
Middle  East,  North  Africa,  and  the  Carihlieau  Defense  Command.  Aliliongh 
certain  of  the  malariologists  and  adviniit*  t*chelons  of  units  were  si'tit  oversells 
by  air  early  in  194:1,  the  majority  of  the  first  units  were  not  activated  mini 
25  Jamtary  1941.  Included  in  the  first  group  of  units  which  were  activated  tit 
the  Services  of  Supply  1  "nit  Training  Center.  New  Orleans  Port  of  Embarka¬ 
tion,  were  0  survey  and  15  control  units.  During  January  and  February  1941, 
authorization  was  granted  for  the  activation  of  an  additional  ft)  survey  and  12 
control  units.  Officers  for  these  units  were  oluained  from  u  list  of  s|ierially 
qualified  personnel  furnished  hy  the  Tropical  Disease  Control  Section. 

The  programmed  malaria  control  organization  in  the  oversea  theaters  on 
1.1  February  1941  is  shown  in  table  1.  The  figures  given  are  the  mimliers  of 
malariologists  and  malaria  survey  and  control  units  then  projected  for  these 
theaters.  Actually,  only  a  portion  of  the  malariologists  and  advance  echelons 
of  a  few  units  were  on  duty  or  were  en  route  to  the  theuteis  at  that  time. 

Activation  of  Malaria  Control  and  Survey  Units 

In  March  1941,  The  Surgeon  General  sent  a  letter  to  (lie  eoiiiminiders  of  all 
theaters  and  service  commands,  describing  the  new  malaria  control  organization 
and  its  functions.  Authorization  was  granted  for  The  Surgeon  General's 
recommendation  of  15  March  that  10  survey  and  15  control  units  lie  activated 
in  anticipation  of  future  requests.  Hy  7  June,  all  these  units,  except  one  survey 
and  one  control  unit,  had  been  committed  to  oversea  theaters.  Meanwhile,  on 
10  May,  the  Chinn-Biirma-Imlin  theater  bud  nctivnted  four  control  units  within 
the  theater.  The  status  of  the  malnria  control  organization  in  t lie  oversea 
theaters  as  of  15  July  1943  is  shown  in  tnble  2. 

13  Memorandum.  Tropical  Disease  Control  Section,  for  Colonel  Simmons,  Cbtef,  Prerenitre  MHI< 
cine  Division,  Professional  Service*,  IS  Feb.  1043,  subject :  Army  Antlmolarla  Orjtanlmllon. 
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Tahi.k  I. — Pi'iijfrtnl  "tutu*  #■/  mat  aria  roatrul  urtfoahal inn  fur  tin  orrmi »  lhmt\r*% 

/  »  ft  lunacy  IH  [.l 


Tlhalrr 


V»4s'l:illl  SlH\r\  mills  I'tHlllO  tiniis 


South  Pacific.  . .  _  . . 

Southwest  Pacific . . 
Chum-ltiirMi.i-linli.i ..... 

North  Africa _ 

Central  Africa. .  .. 

Middle  La>i _  . 

(.‘arihln  :ni  Ih'feiiM*  ( 'omiuniul 
Liiro|xau . .  .  . 


I 

•i 

A 

I 

I 


<i 

12 


I 

I 

I 


Total 


s 


15  in  :w 


'•  TIuwoilitiTSMcri'nii  «iui>  in  I'enlral  AfrUa.  TruittA'i  tf  tln-x' nilWrs  lo  \nri)»  Africa  tio« I  Imimi  r«N|ik*>U"l. KHtu- 
kry  01.1. 

•  Luitj*  wlnalcl  lot-nlly  willilit  Cm*  Ituulor. 


T\bi.k  2.-  ShituH  of  malaria  control  orifaniznlion  in  Iht  ocrrsca  Ihcalrr*,  lo  July  ll>o> 


i  MalariuluidMs  |  Hirvoy  units  J  Control  iiniis 


1  *fi lit  SHkMiiM  Sf)M»1iitc*l  j  fri-MH'i  ricln'ilulctl 

or  on  .  f*>r  |  nr  »  n  (or  J  «r  on  ;  lor 
mute  1  roulv  slujimriil  ;  nniu-  1  shipment 


South  Pacific _ _ 

Southwest  Pari  fie  . .  _ . .  _ 

C  hii»n-Hur«i»-l  «dm . 

North  Africa _ _ 

<  Yitlnd  Africa . 

Middle  Kn*t . . 

CarihUnn  Ih fen**  (niunuttid 

South  Athol  ir  . .  _ _ 

Knropenn  .  . . 


H 

II 

•I 

2 

I 

o 

I 


12  4  ;> 

A  \  : 

:,i  1 

I  4  _ 

...I  •  I  I 

. .  1 


r> 

12 

7 

I 

1  I 
4 


8 


1 

2 


I 


*  I 


Tot  ul 


:<l  \4  15  li  :it  15 


1  Sv»w**lulnl  l«*r  lrn»*l»*r  t«  \«»rili  Afrir-.i  upon  arrival  of  rri&nt'iMciil  anils. 

5  Lik-r  willnlru*  n  fn*r>  sliiiwnrul  to  IhU  llicilrr. 

Smnr:  J*«*iMinn«iilil>  ttt*|mrt,  Trof»i»;il  OforuM.*  Citiilrnl  Set-lion,  Suntfon  liencril*  OIIW.  1.1  July  I1MJ. 


I{«, nests  for  inaliiriu  units  during  tin1  first  half  of  l!M:>  lmd  indicated  I  lint 
the  medical  iimlnriu  « ontrol  organization  wnsessenlinl  mill  was  suited  to  jierform 
n  highly  iiii|K>rtniit  function  in  tin*  oversea  limiters  in  malarious  arras.  As 
projected  troop  strengths  in  tropical  arms  increased,  it  liecauie  ncccssnry  to 
plan  additional  units  to  (nke  can*  of  nutici|Mited  requisitions.  Accordingly,  an 
estimate  whs  made  of  rei|iiireuicnts  for  units  during  I  lie  rcniiiiiiilcr  of  104-t,  mid, 
on  1)0  July.  rrcoiiiiii'-ndnlioii  was  made  for  tlie  activation  of  15  survey  units  and 


|S 
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■J~>  coni  ml  units.  All!  horiy.nl  ion  was  ifiaulrd  for  I  In-  arl  ivaliun  of  I  In-  15  survey 
units  mill  nf  I  lir  com  ml  linns.  1  tv  die  linn*  t  liese  were  aci  i\:ilril.  him  I  |mtsiiii- 
nel  nssij'iicil  iiikI  l  mined.  all  were  coHimilled  to  fullill  requpsis  from  oversea 
I  healers. 

In  order  in  tin*  fill nri‘  lo  avoid  undue  ilrlay  in  -lii |>iim>iiI  of  hums  |iii--i I 
l»V  oversell  theaters.  all  «*st iniiil was  mail*-  liy  tin*  Tropical  Disease  Control 
Son  ion  in  Si'|  it  i'll  il  h'i*  I'.HAof  tin*  iiiiiiiIht  nf  units  needed  furlin'  lirsl  <i  months 
of  l'.tl  I.  A  requirement  of  :.s  survey  nml  I  Hi  rout  ml  units  was  projeeied.  Iiased 
n | m>ii  |nist  rx|ienenre  ill  llir  llu'iilri's  anil  probability  of  fin in-i<  needs  ns  troop 
slivniftlis  increased.  Tsin<r  llii'  i‘siiinati>.  Tlir  Siiiomn  timcral.  on  ‘S>  tlelolier 
11HA,  reennilin'ndcd  lotlir  ( '<1111  in  n  i  H  li  ni;  I  ielicrnl.  ASF  (Army  Servin'  Foret's), 
that  an  survey  and  I  tin  eoiurol  units  lie  activated  iltinnir  the  reinaimli'i' of  UHo 
and  . . irly  l'.tl  I. 

In  Xovemlier  l!U"i,  the  Tropical  Disease  ( 'out  ml  Seel  ion  was  in  formed  that 
the  aeti rations  seliedilled  for  that  iimiilh  were  to  lie  |M>st |Minetl  a  inolitli  and 
thill  i  he  enlisted  | minel  for  the  nnils  were  to  lie  ns~i<rni'd  tlireeilv  front  intliie- 
lion  eenlers  w  ithout  liasie  I  raining.  The  addition  of  1  nionllis*  time  requirisl 
lo  oive  liasie  t  niiiiinj:  to  t  lie  nitiiilh  neees»arv  for  unit  training  would  thus  result 
in  |imloneyd  delay  in  meet  injr  I  he  ie<|iiiiviiieiils  of  the  oversea  theaters  during 

tin-  lirsl  half  of  I'.tlf.  It  was  rreoiniiieiidril  that  no  finlher  |Kisi|Niitenienis  in 
itetivaiintr  units  In>  allowed  and  that  consideration  In*  jrivon  to  the  transfer  of 
men  who  had  already  received  liasie  training  front  established  Medienl  De|uiil- 
iiienl  mjranizaiiotis. 

After  a  series  of  einifi'rcoecs  with  the  l'latis  Division.  ( )TS(J,  il  was  agreed 
that  the  |  x»l  iey  of  supplying  men  without  liasie  training  til  I  lie  nialarin  units 
would  result  in  failure  to  meet  thenter  requirements  on  schedule.  In  view,  how¬ 
ever.  of  I  lie  |iersonue!  sit  mil  ion  then  fiirrviil.  no  practical  solnl  ion  of  the  problem 
was  evolved.  Ueeunse  hiyliest  |>r inrity  for  |tersoimrl  was  given  lo  oversea 
replacements.  greot  difficulty  and  delay  were  e.\|ierieiiced  in  olituiuilig  enlisted 
men  fur  It)  survey  nml  At)  rout  ml  units  net  i  voted  in  Decemlier  1D4U  at  Camp 
Ellis,  III.  This  situation  was  enllrtl  tn  (In'  iilleiilion  of  higher  lirndipia  tiers,13 
hut  only  slow  iiiiproveineiil  resulted.  The  liuul  complement  >f  this  ^mti|i  of 
nnils  did  not.  reneli  Cutup  Thine  he.  Iji..  for  unit  training  until  2h  Man'll  1!>44. 
For  a  Inter  group  of  14  units  <7  survey  mid  7  coni  ml )  net i vnled  nl  Cinnp  (inint, 
111.,  in  February  and  Man'll  of  t hot  year,  only  1 1 1  enlisted  iihmi  out  of  n  required 
complement  of  l.Yf  liinl  lieen  assigned  hy  I  .lime  ID44. 

A  summary  of  the  status  of  iiiahirin  units  in  the  oversea  theaters  as  of 
15  February  HW4  is  presented  in  Inlile  A.  A  total  nf  35  survey  nml  t!5  control 
units,  with  a  eoinplrnieiu  of  M.'55  officers  and  enlisted  men,  were  present  in  the 
oversea  theaters.  An  mhlit  iouul  7  survey  nml  s  eonl  ml  units  wen*  en  mine,  mid 
17  survey  mill  A7  eonlml  units  wen*  activated  and  scheduled  for  shipniriil. 


*’  Memorandum  Hrljc.  fieii.  R.  W.  BIImn.  CMrf.  0|>  m(liinx  Hf rvlr».  OT8G,  to  Coamanillni;  Itfnrml, 
ARK.  niknllan.  Mohlllxnl l«m  IMvIttlnn.  Troop*  ITnlr  Hrnnrb,  Col.  Henry  I',  llarrlmiii.  Jr.,  27  Jnn. 
KubjH't :  KdIIkIiiI  |>rrH»nnfl  f*Mr  Mnlnrln  Hiirtry  toul  iWlml  l‘nll«. 
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Beginning  in  June  1044,  a  program  fur  the  pieuetivaiion  training  of  ma 
lari st  units  was  inaugurated.’*  Personnel  fur  malaria  units  scheduled  for 
activation  were  given  basic  military  tiiul  technical  training  (totaling  lti  to  17 
weeks)  its  |>art  of  tnediral  training  Imttalions  at  (‘sint|i  Grunt  before  assignment 
to  the  units.  The  schedule  fur  activation  of  units  for  the  remainder  of  ISM  I 
was  lixed  according  to  the.  Six  Mouths  Projection  List  revised  iimulhly  by 
0|teratious  Division,  War  De|iarttnent  General  St  a  If.  Heretofore,  shipment 
of  malaria  units  hud  Ijeen  authorized,  for  the  most  part,  on  tin1  basis  of  indi¬ 
vidual  requests  for  units  from  theater  commanders.  According  to  the  1  cl h 
revision  ( .May  1944)  of  thu  Six  Months  Project  ion  List,  4  survey  and  control 
units  were  planned  for  art ivn lion  during  the  reinainder  of  1944.  The  authorized 
muulier  of  units  lltietnated  during siiliscquriit.  revisions;  actually,  ds  control  and 
11  survey  units  were  activated  in  this  |teriod.  The  status  of  the  malaria  control 
organization  in  the  oversea  thrillers  in  malarious  regions  ns  of  :Wt  Sepiemlier 
1944  is  show  it  in  table  4. 

Based  ii|miii  experience  in  the  use  of  nutlnria  units  in  the  malarious 
theaters,  the  War  1  ►epiirl ineiii.  in  I  fcs-emlier  |t>44.  addressed  a  letter  to  the 
I'oninianders  of  the  Pacilie  and  Asiatic  then  lets  rcrntiimetidiiig  a  standard  for 
provision  of  units  in  future  o)tei'ai ions.  In  highly  malarious  territory,  or  in 
areas  where  other  mosquitobome  diseases  were  a  serious  hazard,  it  was  reeotn- 
mendedtluit:  (1)  One  survey  and  one  control  unit  he  attached  to  each  division; 
(2)  for  other  tniops.  one  control  unit  lie  provided  in  nn  approximate  ratio  of 
one  unit  i>er  20,000  men ;  and  (d)  at  least  mirrontml  unit  l>e  provided  for  each 


Tasi.e  3.—  Statu*  of  nut f *n  in  unit*  in  » r**  a  th**/t*  r*.  /.#  /■’#  hrntti  */  Jf* \  , 


Tltamtcr 

Present 

Km  rmio* 

Acllvjllf'l  :«VI*1  : 

M-llltlltltHl 

T»i  ill 

Survey  ( 'onlrol  Siirvr)'  1'tHilral 

Snruy  i 

Survey  <  ‘‘mi  nd 

- -  .  . 

— 

- 

-• 

— 

South  Pacific. 

M 

it 

it 

li 

2ll 

211 

(Vulm) 

2 

2 

2 

2 

Sooth  wist  raritir 

12 

21  A  3 

2ti 

2:t 

53 

China- Ihirnm-liiilin 

1 

m  2  :» 

2 

f» 

IT 

North  Africa  . 

.1 

7 

:t 

111 

Middle  Knst,  iiii-luiliiiK  Central 
Africa  anil  IVrsiaa  1  hilf 
Command -  .  . . 

3 

* 

3 

7 

South  Al  Inn  lie 

CarililHMii 

Kiiro|M*tiu  .... - - - - 

Total . 

33 

1 

Cm  7  N 

1 » 

37 

7i!t 

1 

no 

Idfller.  Thr  AtIJuUul  (•t*Rt>rt(l,  Wnr  IV|*url  ■tent.  to  Ct<«man<llnK  (ifnrmK  fllxlli  mol  Klirtuh 
8t*nrl«  CuRiMantiK,  20  May  1044,  :  rrviH'tlviitloN  Training  for  Mnltcal  t’nUa  IW-rianliijr  Junr 

1044. 
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important  )>o-t  or  station,  at  large  installations  in  an  approximate  ratio  of  one 
unit  per  7,500 men. 


Tahi.k  4. — Shi fut  nf  mulnrin  tiintrnt  orynni  zntinn  in  nn  i m  u  thrntrrn,  AO  Srfitrtnhrr  l  'l  J  t 

I  .M  ik.itl  .!.*)>! '  1  Survi-y  units  !  Iniilru)  unto 


The  Iter 


S(-lH'illlli*.|  SclH'iluiiil  ScIm.I|]Ii*i| 

I'res-iH  for  vlu| i-  l’rr*‘iil  k*r  eltip*  1'neeitl  for  sliip- 
mt’ni  i  ive*  n  k  menl 


l’licitii4  Ocrint  Arras  ((Ytilrul  ami  Sun  In  il> 

S.mliwrst  I’aritir  1  21 

Oiinu-Hiirniii-linlia  .  7 

North  Africa  ..  !> 

Miihllr  Ma.i,  iiii-lintiiiK  fVnir:il  Africa, 

niul  l>i*|s*imi  tlnlf  ('oiiiiiiiiikI.  .  .  :i 

Smith  At lem  1  it-  I 

(lirillUmi  Dcfrlw  fiiliininliil _  I 

Knro|icaii . 

Total  .is 


It 

:« 

i; 

li 


lit  . . 

lilt  j  J 

•„’.i  '  R 

17  . 


:t  I) 

I  1 


til  i  III  10 


■  liielwkei  III u  .survey  units,  Hint  UrMltpil  anils  *  Men  si  re  Iransfemsl  trnlil  llu*  Stiulli  I'ariflc  In  iIm 

auulllvesl  t*uriflr  shell  tluMler  Imuii-lark-s  sere  rcWfluc-l  imi  t  July  tV44. 

Using  this  basis,  it  was  computed  that  by  the  fourtli  qiiarter  of  1045,  a 
total  »>f  27*  control  units  and  1:50  survey  units  would  In*  required  in  the  Pacific 
theaters  I  assuming  the  prior  defeat  of  (ierinatiy  ).,r'  lleciiuse  the  War  Depart¬ 
ment  Troop  Ihtsis  then  current  authorized  only  lfifl  control  and  77  survey  units, 
it.  was  recommended  that.  in  adiliiion  a  minimum  of  110  control  niul  15  survey 
units  lie  activated  from  units  then  iimlergoiug  preiictivalion  training.  This 
recoinniendalioii  was  rejected  by  War  Departnieiit  General  Slatf,  on  the 
ground  that  a  shortage  of  personnel  existed  for  meeting  current  requirements. 

The  status  of  the  mnlariii  control  organization  overseas  at  the  end  of  the 
war  was  essentially  as  shown  in  table  5.  Kiglit  nddit ioiml  control  anil  three 
additional  survey  units  were  sent  to  tlie  Pacific  after  1  April  1045.  At  the 
end  of  the  war  in  Kuro|te,  plans  were  made  to  redeploy  malaria  units  from 
the  Mediterranean  theater  to  tin’  Far  East.  The  abrupt  ending  of  the  war  with 
Japan  permitted  cancellation  of  these  plans  la-fore  more  than  a  few  of  tlie 
control  units  had  lieen  directly  redeployed. 

Tables  of  Organization  and  Equipment 

When  the  first  malaria  units  were  organized,  tables  of  organization  and 
equipment  for  ltotli  the  survey  and  the  control  units  were  published  ns  in- 
closures  to  the  activation  order.  Various  changes  were  made  in  the  tables 

u  UrmoraailuM.  Brlff.  Gen.  R.  W.  Rlln,  Operation*  Hfrvlff,  OTRfl,  to  Command!  nj;  General*  ASF 
(itlmllun  :  Mobllluttlrm  IHrNI««n.  Troop  Cnlta  llrnnrti,  Culutfl  tlarrt»wO,  20  Ozr.  1944,  zubjrft: 
Projwtrd  Requlrrmoal*  for  Malaria  Coilpul  and  Hurtry  talln  for  Orcrmw  Ttoaten  for  1945. 
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of  equipment  (which  included  specisil  lists  of  technical  supplies  and  equipment 
authorized  for  issue  to  the  units  ns  Medical  Department  items)  ns  Ihe  units 
acetinuthtled  c.\|H‘rienee  in  the  hold,  Iml  the  in  hies  of  organization,  except  for 
certain  adjustments  in  rank  of  |H*rsmmel,  remained  unchanged  throughout 
the  war.  First  oflicial  pnlilieatioii  of  these  tables  was  made  on  23  April  111  14. 


T.%fikK  o. — St<it  ns  of  unit  nr  in  control  arijunisntian  in  arrrxrit  theaters,  t  April  ///#•» 


TlN'SlftT 

Mult  triad-  , 
Ogisf.S  | 

Cuntrol 

units 

>ili  vi- y 

units 

Sotilliwesi  IWific  1  ...  .  -  _ 

21 

70 

34 

Pacific  Ocean  Amu*.-  _  .  .. 

15 

15 

IS 

India-Durum ..  ....... 

4 

31 

4 

China  ! .  . 

1 

1 

2 

Mediterranean  *.... _  .  . . ..  . 

ll 

\i  ' 

1 

Africa-Middle  Kant . .  1 

IVrsiau  Gulf  Command .  . 

1 

| 

7 

•> 

3 

South  Atlantir . .  . 

1 

i 

1 

Caribbean  Defense  Command . . .  . 

1 

i 

Kur<>|KMii  * . . 

..  . 

3 

Tot nl _  ...  _  ..  . . . 

.  ->4 

j  143 

i  63 

1  IntluAft  K)  maUrtoJofilsU,  ttsmvpy.  and  Onxiirol  unils  »hk-h  vm  Iramfcnvd  from  Hr1  South  I'aciftc  to  Ihe  South* 
west  Pacific  when  theater  boundaries  were  mWAnetl  In  July  1044. 

*  1*i»1U  w«**p  allotted  when  ihe  theater  was  separated  from  I  mils*- Hurra*. 

*  Five  control  and  five  snirvey  units  were  dem-tl rated  and  dl.dianded  In  (he  theater  In  iVii-inher  1W4. 

«  Tin'**  units  KvominuiWtl  Hie  Seventh  V.9.  Army  In  the  Invasion  of  southern  France  amt  subsequently  ramc  under 
Ihe  turtsdtclion  of  the  Kuro|»*an  theater. 

In  January  1044.  tables  of  orpin izat ion  and  equipment  had  been  projtosed 
for  theater  and  bn.  dion  headquarters  organiznt ions  for  malaria  control. 
Flans  were  made  for  a  battalion  headquarters  urgnnizniion  to  supervise  the 
activities  of  a  group  of  malaria  survey  and  control  units  and  to  serve  as  an 
intermediate  echelon  between  the  units  and  lheater  headquarters.  The  plan 
was  included  in  a  proposed  revision  of  TOK  (tables  of  organization  and 
equipment)  8-500,  but  it  was  not  approved  by  G-3,  War  Department  General 
Staff,  which  had  previously  disapproved  a  similar  proposal  from  the  Xurth 
African  theater.  A  compromise  arrangement  was  then  agreed  upon,  wliereby 
tlie  I  able  of  organization  for  a  medical  Uiltalion  headquarters  was  made 
applicable  to  malaria  units,  and  this  was  published  in  January  1815.  This 
action  was  too  late  to  be  of  help  in  most  of  the  theaters  of  operations,  although 
such  a  malaria  control  organization  was  established  in  a  battalion  headquarters 
on  Okinawa  in  May  1945. 

Special  Personnel  and  Unils 

A  few  medical  malaria  control  organizations  consisted  of  specially  selected 
personnel.  In  February  1948,  when  plans  were  made  lo  transfer  malaria  con- 
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iro!  jiersoond  from  l.iU-rin  in  North  Afiiru,  the  surgeon  ;ii  Pol  ini'  Kii'lil, 

Liberia,  requested  1  lint  malaria  units  (one  survey  and  mu . lit  ml)  consisting 

of  Negro  personnel  In*  sent  SIS  replacements.  Slim-  ill . Iiim.-ind  was  pre¬ 

dominantly  Negro,  il  was  lielicved  dial  I  Morale  ami  malaria  discipline  would  L* 
improved  by  having  Negro  units.  These  iiniis  were  aeiivaieil  on  |.*»  April 
1043,  roll 1 1 deled  tlieir  training  in  August,  and  arrived  in  Lilieriu  in  Sepirndier. 
Two  oilier  Negro  nniis  (our  survey  and  one  roni ml )  were  aetiraied  on  21  .Ian- 
nary  1044  to  serve  with  a  Negro  division  in  llieSoilili  Pacific. 

The  China -Hitrma-lndia  themee  in  August  I 'ah!  requested  two  nniis  with 
Chinese- American  |>crsoiiiicl.  The  request  was  made  lierausc  of  difficulties  in 
obtaining  eoo|ierat ion  and  malaria  discipline  in  Chinese  Iroojis  deployed  ill 
the  highly  malarious  regions  of  northern  Ihirnia.  Hera  use  it  was  difficult  to 
locate  qualified  Chinest'-Anieriean  ja»isonnrl.  swell  units  were  not  formed. 

In  duly  l!>44,  the  Wue  IVpnilineni.  without  prior  ronsnltatioii  with  The 
Surgeon  (icticrul.  ordered  activation  of  .">0  liiuhiriu  rontrol  units  in  the  Antilles 
I )epurt meiil,  the  units  to  consist  of  Pueilo  liiean  |iersoiiiicl.  Ilcrmisc  of  the 
siqiervisorv  duties  |M‘rforined  by  malaria  units  and  the  nm-ertaiuiv  of  nhiain- 
ing  pro|H>rly  <|ualilieii  men.  The  Surgeon  ( tenernl  recommended  that  this  order 
l hi  amended  and  that  insular  t nn*]*s  not  In-  used  i«  malaria  units.  Action  mi 
the  oilier  was  later  modified  so  that  only  two  Puerto  Kiean  eontiiil  units 
remniueil  aeliviiled.  These  units  were  trained  at  the  Army  School  of 
Mala viologv  in  Paiiiiiiiu,  reinnined  fur  some  months  nn  teiiqxirarv  duty  there, 
and  were  mi  route  to  the  India-Hiiriini  tlieuter  when  the  war  ended. 

Training  of  Malariologist  Officers  ami  Units 

Tropical  disease  control  was  int  imately  ronnecled  with  I  he  devidopiiienl  of 
programs  mid  procedures  for  the  training  of  mahiriologists  mid  malaria  units. 
The  selection  and  training  of  offi<*er  personnel  for  the  malaria  rout  ml  organiza¬ 
tion  was  a  res|Mii«sihiI:ty  of  tlie  Tropical  Disease  Control  Division  in  ctaqicni- 
tion  with  the  Liliorntories  and  Sanitary  Engineering  Divisions,  Preventive 
Medicine  Service,  and  the  Training  Division,  OTSG.  Hecnuse  few  Medical 
Department  officers  had  had  pnietinil  experienet*  in  ninlariology,  it  wits  lieces- 
sary  to  arrange  training  programs  for  most  of  tire  |**rsoiiiie!  wlwr  were  l«>  la* 
assigned  as  malariologists  or  as  offieers  for  tire  malaria  nnits.  Medical  Corps 
officers  wlar  had  successfully  ctmipleted  the  H-week  course  in  tropien)  medicine 
at.  tlie  Army  Medical  School,  Army  Medical  Center,  were  usually  selected  for 
such  training. 

Entomologists  and  parasitologists  for  malaria  survey  units  were  olrtidiied 
at  tirst  mainly  from  the  teaching  and  research  staffs  of  educational  institutions 
and  from  such  governuieutnl  agencies  as  the  U.S.  Deimrtiiient  of  Agririiltnre 
and  the  U.S.  Public  Health  Service,  fjiter,  commissions  were  granted  to 
graduate  students  in  these  specialties  who  hud  lieen  inducted  into  the  Army 
ns  enlisted  men.  Sanitary  engineers  to  eoiniiiniid  ninlariu  control  units  were 
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obtained  ill  first  principally  from  Stall*  ami  city  li<liillli  depart  nu-ul>.  1  >i  l lit* 
later  stages  of  tlie  war,  students  from  the  Army  S|>erinliy.rd  Tr:iining  Pt-ngrum 
who  had  studied  engineering  wen*  euunnissinned  in  ihe  Sanitary  Corps  and 
assigned  tonndaria  control  units  after  s|Mvinl  training. 

The  first  Mold  training  courses  in  malaria  cm  it  ml  were  arranged  in  the 
summer  of  ISMg  through  ei a >|>e ration  of  the  Tennessee  \'alley  Authority.  The 
•J-week  courses  were  eomhh-tcd  at  Wilson  Pmn,  Ala.  Instruction  consisted 
|>rinri|ially  of  held  trips  in  order  to  eualde  students  to  oliseeve  and  part  ieipntu 
in  the  vttrions  priN-eduivs  employed  for  malaria  surveys  and  moMpiito  control. 
Six  courses  wore  held  during  August.  Septendier,  and  Octolicr  l'.lfi’  and  were 
attended  by  a  total  of  ti7  Mcdic.i  I  anil  Sanitary  Corps  oil  ice  rs.1" 

As  the  location  at  Wilson  Dam  was  tint  favorable  for  malaria  control 
training  during  die  winter  season,  arrangi'iuents  were  made  with  the  JJoeke- 
feller  Foundation  mid  the  Florida  State  llnard  of  Health  in  rood  net  similar 
field  courses  in  Florida.  The  length  of  the  course  wits  increased  to  3  weeks, anti 
instruction  in  mostpiito  dissection  mid  further  ex|H*rienei*  in  the  idcntiiicntiou 
of  malarial  pnrasites  were  lidded.  Fouileeu  courses  well*  given  lietwccn  No¬ 
vember  11)42  and  Deeemlier  1!>43,  and  a  total  of  14u  Medical  ( ‘orjis  and  Sanitary 
Corps  officers  were  I  mined. 17  The  N'avy  also  took  advantage  of  tliis  facility: 
32  Navy  officers  attended  the  classes. 

To  supplement  the  Florida  field  course  in  nuilnria  control,  arrangements 
were  made  in  Ih-cemlter  UH2  with  the  Corps  of  Engineers  when*l»y  medical 
officers  who  had  taken  this  course  could  Is*  sent  to  Costa  Itien  for  several  months 
of  duly  with  the  field  liend<|iia tiers  of  the  Putt  American  Highway  project  in 
onler  to  gain  practical  ex|X‘rienee  in  the  control  of  tropical  diseases.  The 
first  group  of  4  officers  arrived  in  Costa  Itien  in  Mnreli  |f>43,  and  by  September 
a  total  of  It)  Medical  Corps  officers  had  retvived  front  2  to  3  mouths  of  field 
experience  in  Control  America.1'  When  the  Pan  American  Highway  project 
began  to  close  in  the  fall  of  1!>43,  no  additional  officers  were  sent  to  this  location 
for  training. 

At  about  this  time,  the  Army  planned  to  establish  a  school  of  nmlariologv 
at  Fort  Clayton,  C.Z.  This  school  was  intended  to  provide  more  satisfactory 
applioatory  training  in  malaria  control  than  was  |tnssible  in  the  Floridn  field 
training  course  and  on  the  Pan  American  Highway  project.  Exigencies  of  the 
military  situation  and  of  transportation  lmd  prevented  the  previous  establish¬ 
ment  of  such  a  school  in  Panama.  Authorization  for  tike  Anny  Scliool  of 
Malariology  in  the  Canal  Zone  was  granted  in  September  IMS.'®  In  conjunction 
with  the  Sanitary  Engineering  Division  and  the  Training  Division,  a  program 


>*  Annual  Report.  Preventive  Medicine  IMvMon,  Office  of  The  Burgeon  General,  IT. 8.  Army.  1W2. 
,T  Annual  Report.  Preventive  Medicine  IHvNIim.  Office  of  The  Burgeon  General,  L\8.  Army,  1P4X 
u  Annual  Report.  Tropical  Dtaeaae  Control  Section,  Epidemiology  It  ranch,  Preventive  Medicine 
JHvluInn,  Office  of  The  Surgeon  Genera).  L\8.  Army.  IW.t. 

*  War  IVpartment  General  Staff  Deposition  Form.  Maj.  Gen.  T1mnm«  T.  Handy.  Atodatanl  Chief 
of  Staff.  G-.*t.  f«  Commanding  General.  ASF.  29  Sept.  1W.1,  subject:  Army  School  of  Malariology 
(Canal  Zone),  and  ttn»l  InUoreement  thereto,  dated  29  Sept.  1H3. 
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was  develo|ted  for  a  4-work  course,  and  a  qualified  staff  of  seven  instructors 
was  selected.  Several  men  with  cx|tei-iciice  in  malaria  control  in  the  oversea 
theaters  were  brought  hack  for  this  assignment.  The  course  was  designed  to 
emphasize  liehl  work  under  tropical  conditions,  and  op|xirt  unity  was  afforded 
the  students  to  make  surveys  in  highly  malarious  native  communities  (tigs.  1, 
2,  and  3). 

Between  7  February  1044  ami  1  Septemlier  1945,  14  classes  wore  held,  and 
107  Medical  Corps  and  150  Sanitary  Corps  oflicers  successfully  completed  the 
course.  In  addition,  24  ollicers  from  Allied  countries  attended  classes  at  the 
School,  and  training  was  given  to  2  ollicers  of  the  U.S.  Public  Health  Service 
mid  to  It  civilians  (mainly  employees  of  the  Piinamn  Canal  Department ). 

Throughout,  the  war,  the  unit  training  of  malaria  survey  and  control  units 
was  carried  out  nt  the  Unit  Training  ('enter,  ('amp  Plant-lie.  In  c«o|ierntion 
with  the  Training  Division,  a  4 -week  training  program  was  strrauged  and 
published  officially  in  May  1943. 20  The  climate  ami  terrain  at  ('limp  Planche 
were  suit  aide  for  the  training  of  units  throughout  the  year,  although  ronditions 
were  most,  fnvonihle  during  the  spring,  summer,  and  full.  Since  most  anils  after 
completing  the  4-week  training  program  had  to  wait,  some  weeks  for  oversen 
movement  orders,  op|tort  unity  was  afforded  for  pract  ice  field  bivouacs  anil  other 
addit  ional  t  raining  exercises  (figs.  4  and  5). 

When  the  Army  School  of  Malnriology  was  established,  it  was  planned  to 
semi  units  to  Piinamn  for  training;  however,  difficulties  in  trniis|M>i1ntioii  and 
the  necessity  for  meeting  oversea  commitments  of  units  prevented  this  plnn 
from  living  carried  through.  Only  two  control  units,  with  Puerto  lCieiili  |ier- 
sonnel,  were  trained  at  the  Army  .School  of  Malnriology  in  .Inly  1044. 

Antimalaria  Details 

Although  Army  regulations  elearly  defined  the  res|xnisiliility  of  com¬ 
manders  of  all  organizations  to  institute  and  enforce  the  measures  necessary  to 
control  malaria  within  their  units  and  unit  areas,21  no  definite  menus  were 
prescribed  to  carry  out  this  responsibility.  In  tl»e  summer  of  1943.  when  the 
full  impact  of  malaria  on  military  operations  in  the  Pacific  area  Ins -a  me  ap¬ 
parent,  steps  were  taken  to  designate  nntimalaria  details  in  each  unit  of  eoin|wny 
size.  In  War  Depurtment  Circular  Xo.  223,  published  on  21  September  1943, 
these  units  were  defined  and  tlieir  duties  descrilied  ns  follows; 

A»liM*lari»  detail*. — In  order  to  assist  unit  i -omnia  mlers  In  the  control  of  malaria 
there  will  be  formed  la  each  company,  battery,  or  simitar  unit,  an  auttmalaria  detail  to 
consist  of  a  minimum  of  two  enlisted  men,  Inrladlng  one  imiH-rnnmissInned  officer.  I»  non- 
medical  units  this  detail  will  be  made  up  of  noumedlcal  iiersonnel.  This  detail  will  be 
specially  selected  by  the  commander  and  will  be  given  Immediate  training  In  use  amt  minor 
maintenance  of  repairs  of  screening  and  tied  nets;  band-killing  and  spray-killing  adult 


r'War  Depsrlsienl  MeMlUallna  Training  Program  No.  R-21,  4  Msy  1W3. 
**  8**  footnote  8.  p.  !•*». 
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Figube  2. — Parasitology  classroom.  Army  School  of  Malariology,  Fort  Clayton,  C.Z. 
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<  u m  m  r  m  i  •  a  r. i .1 :  i  h  si :  vs i :s 


n.osi|iiilors  :  Inrvii-iilnl  oiling  of  piiil.llcs  ;i  ml  in  1 1  n<r  rnlloriinns  of  wafer:  minor  dUcliin;: : 
minor  wnlrr  liiliiics*  .-irminil  :<  i*niii|inny  cnc:ini|iini‘iil  :  n in!  imtlv jilil;il  measures  h|  ni;iluh;i 
iinilr.il  in  rear  arcus  nml  in  •tnnlini.  Tln-sc  nmiinnlnriii  ilcians  win  carry  mil  iirilinnr.v 
>i  lit  ilnii  lnri:i  limisckfcpiin;  mcnsni'cs,  such  ns  1  Iimsc  lisieil  :il«i.\r.  In  nml  i  inn  nil  i:i  I  <•!  >'  iirminii 
I lii*  inin|iiiii,v  i  . . . . . 

This  circular  tvilcniled  ro~ | x n t~i 1 1 i I'll  it— of  ■  ••Miii.iinlrrs  fur  malaria  cmilml 
nml  iilso  riinliiiiiinl  |>rm  isiiui  fur  :i  sjicrial  Mmnr  |ierii>d  nf  i  raining  in  malaria 
ci  ml  nil  which  is  ili~rn»>oil  laler  under  "hdiical  miial  Act  ivil  ies." 

The  ii  n  il  aniiinalaria  del  ail-,  when  |ir<i|  m-i-I\-  trained  and  cin|ihivcd.  |>cr- 
formed  an  ini |hii-| :i  i it  fiuiciinn  in  I  lie  iivcrall  inalaria  nml  nil  |iniorain  iiiemlemic 
areas. 


Fiuru:  .1. — Clam  In  field  exercises  In  auojibellne  breed  In*  area,  Cbngres  Birer, 
Army  MihiI  nf  Ualarlnlofty,  Fort  Clayton,  t’.Z.  A.  Dipping  for  larvae.  B. 
Spray  I  in:  larrlelde  over  test  plot. 


Fkicre  4. — Jlalarln  coni  ml  unit  receiving  Inelruitlon  in  liralmnn'  |imcc<liirci<,  I  nil  Training 

fouler,  fnui|>  IMnuche.  Ini. 

Growth  and  Achievements  of  the  Malaria  Control  Organization 

The  success  of  the  special  medical  malaria  control  organization  in  the 
oversea  combat  theaters  was  attested  by  the  rapid  growth  of  the  organization 
as  the  war  progressed  nnd  by  its  accomplishments  in  bringing  malaria  and  other 
insect-borne  diseases  under  control.  The  situation  in  regard  to  malaria  im¬ 
proved  vastly  during  the  last  2  years  of  the  war  in  spite  of  the  fact  that  opera¬ 
tions  continued  in  highly  malarious  territory  nnd  involved  increasing  nnniliers 
of  troops.  Malaria  rates  dropped  dramatically  after  their  peak  in  1943.  Cas¬ 
ualties  due  to  the  disease  were  reduced  to  a  point  where  they  were  not  a 
significant  influence  on  military  operations.  The  decisive  factor  in  bringing 
about  this  reduction  was  the  activities  of  the  special  medical  malaria  control 
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Fioire  — Field  laboratory  established  by  malaria  purvey  unit  during  I  raining  exercises. 
Vnit  Training  Center,  Cnni|>  I’lmiclie,  La. 


organization;  55  in  most  theaters  the  drop  in  malaria  rates  parallelisl  closely  the 
bnildiitg  upof  that  organization  (chart  2). 

By  the  end  of  the  war,  a  total  of  J.iO  control  units  and  08  survey  units  had 
served  overseas.  Of  this  inunbrr,  KCl  control  and  00  survey  units  were  acti¬ 
vated  and  trained  in  the  United  States;  20  control  anil  2  survey  units  were 
activated  in  the  oversea  theuters  with  |K»rsonnel  locally  available.  More  than 
CO  malnriologists  Imd  been  assigned  in  oversea  theaters.  The  total  )>ersonnel 
specifically  designated  for  malaria  eontrol  overseas  was  thus  approximately 
3a0  officers  and  2,a00  enlisted  men.  In  addition,  many  thousands  of  troops  and 
tint  ive  Inlxnvrs  were  employed  under  their  direct  ion. 

The  orgnuiznt  ion  played  the  uuijor  rule  in  the  training  of  troops  in  malaria 
control  and  sii|>erviseil  the  work  of  unit  autiinalarin  details.  The  mission  of 
the  organization  included  prevent  ion  of  other  insect- 1  torne  diseases  as  well  ns 
malaria:  in  particular,  dengue,  scrub  typhus,  typhus,  and  tilariasis.  Because 
of  their  s|»ecial  training,  malaria  units  were  also  used  to  assist  in  the  eontrol 


*■  Ifc’ull.  G,  R. :  Mi<kkr;i>  from  flic  Clilff  SnriTnii  In  flu*  Ksir  IjM.  Hull.  V.S.  .\rniy  M.  lh*M. 
Xu.  Sfl :  ."IS,  M;t rch  in-la. 
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of  certain  other  diseases,  such  as  schistosomiasis  mid  tliose  spread  by  rodents. 

Since  malaria  control  anil  survey  units  were  new  and  untested  organiza¬ 
tions.  proper  planning;  for  their  inclusion  in  projected  troop  requirements  over¬ 
seas  was  not  attained  until  the  Inter  stages  of  the  war.  During  ] !>4.‘!  and  the 
first  half  of  1944,  units  were  activated  only  after  specific,  lvqnest  for  them  had 
been  made  by  oversea  commanders.  Since  considerable  time  was  needed  to  lo¬ 
cate  the  technically  trained  personnel  and  tocondnct  unit  training,  long  delays 
often  occurred  between  theater  requests  and  their  fulfillment.  Usually,  from 
6  to  8  months  elapsed  between  the  receipt  of  u  request  and  the  arrival  of  units 
at  their  oversea  destination.  For  example,  request  was  made  for  n  large  niunlier 
of  units  in  the  Southwest  Pacific  on  2:5  August  194:5.  Activation  was  recom¬ 
mended  on  25  October  and  iieeomplished  on  10  Decemlier.  Because  of  the  per¬ 
sonnel  shortage,  .1  months  elapsed  lie  fore  the  units  were  brought  to  full  strength. 
In  Miireh  1944,  they  were  finally  transferred  to  Cnmp  Plauche  for  unit  train¬ 
ing,  and  in  the  following  .Tune,  10  months  nfter  the  request  was  made,  they 
were  scheduled  for  shipment. 

At  no  time  wns  it  possible  to  build  up  a  reserve  of  malaria  units  in  antici¬ 
pation  of  requests.  As  a  result,  additional  demands  for  units  brought,  nlwnit 
by  changes  in  the  military  situation  sometimes  could  not  be  met.  For  example. 

”  Mrm..rnrolnm.  Cn|)t  SIS  W.  SIC.  Chirr.  Malnrl*  Contrnl  Hrnn.li.  Tni|ilinl  lH.rn>r  Cnn- 

*n»l  1‘lvMt.n.  I’n-vrntln*  Mallei  nr  Sr  rvl«r.  for  llrljr.  <»**it.  Slnuniis  ithrotrtrli:  Cul.  Ktirl  U.  I . . 

k  Jmih‘  11M4 ».  milijwt  :  Stnhi*  of  Mnlnrlti  lulls  ns  of  .*!«  May  ll»44. 


in  January  1 H 44.  :i  request  for  seven  control  units  ti>  set  up  :i  iii.-i l;i ri:i  <11111  ml 
program  for  Mil-  Twelfth  Air  Force  in  tin-  Mediterranean  theater  could  not  !**• 
filled  promptly.  mi<l  Inter  the  units  Imd  to  lx>  activated  within  the  f healer  with 
personnel  locally  available. 

l'Lx during  the  wnr  demonstrated  licit  ,111  organization  »|x-rinlly 
trnilied  mill  c<piip|x-d  for  innhiriii  eonli-ol  ;iihI  .qiecilirally  assigned  to  this  duty 
wsts  essential  for  effective  eontrol  of  this  disease  in  the  oversell  1  homers. 

DRUGS  FOR  SUPPRESSIVE  TREATMENT  OF  MALARIA 

Throughout  the  wnr,  the  Preventive  Medicine  Service  recommended  jxdicv 
in  rega rd  to  the  suppressive  drug  treatment  of  iiiiilnriii  nnd  encouraged  nml 
"I titled  the  sea fell  for  new  nnd  better  agents  for  this  purpose.  Directives  em¬ 
phasized  thttt  suppressive  tivntnietii  did  not  prevent  infection  nnd  w,i»  nil 
emergency  measure  to  ennhle  troops  to  <>|>er.ite  in  highly  malarious  territory 
tle.-pite  infection  which  would  otherwise  iucnpiicitiite  them.5' 

'I'lie  dosage  for  suppressive  treatment  recommended  in  .lime  lull  wits 
Atuhrinc  tt.ii  gin.  twice  it  week  at  iutervnls  of  :>  or  I  ilnys.  or  uninine  o.:j  0111. 

gr.)  daily.  In  l'.Ui.  when  conservation  of  tpiininc  Ixvatnc  iiu|H>riitive,  it  wits 
directed  tlmt  tpiininc  lx-  used  for  suppressive  trcnimcni  only  when  Atnhrine 
wns  not  nvnilnhle.  The  dosnge  of  tpiinine  recoiiiiiieinlcd  for  this  pnr|Nise  was 
iticeeascd  to  1 1.1*4  gin.  (10  or.)  doily. 

Previous  e.\|x*rieticc  with  Atnhrine  for  the  suppression  t»f  inula ria  in  mili¬ 
tary  forces  was  not  very  extensive.  At  the  beginning  of  the  war,  little  was 
known  about  absorption,  IjIixhI  concentration,  or  excretion  of  Atnhrine.  nor 
wns  it  known  whether  prolonged  use  would  lend  eitlier  to  transient  toxicity  or 
to  iKM'innneiit  injury.  The  drug  had  heretofore  been  completely  synthesized 
only  in  Germany.  After  Aniericuu  industry  tixik  over  the  nmnnfnctiire  of 
Atnhrine.  question  was  raised  as  to  whether  the  American  product  wns  equal 
to  the  German,  because  of  the  frequency  with  which  gastrointestinal  disturli- 
aiices  were  note<l  when  new  supplies  of  the  drug  were  administered  for  sup¬ 
pressive  treatment.  This  problem  wns  referred  to  the  National  Research 
Conned.  After  thorough  study  by  a  committee  of  the  Division  of  Chemistry 
and  Chemical  Technology  of  the  Council,  it  was  concluded  tlmt  there  wns  no 
significant  difference  between  Atnbriue  of  domestic  nnd  German  ninnii  fact  tire 
nnd  that  whatever  toxicity  wns  manifested  by  couimereiid  preparations  of 
Atnhrine  was  due  to  the  inherent  properties  of  the  drug.-' 

Conference  on  Atabrine 

A  conference  was  called  in  Xoveutlier  l!t4i  by  the  Xittioinil  Resetirch  Coun¬ 
cil  to  organize  a  thorough  investigation  of  the  phimiuicology  of  Atnhrine  and 

M  (1)  Circular  Letter  No.  ofl.  Office  of  The  i$uri»i»ii  General.  r.8.  Army.  !»  June  lull,  t-i  Cir¬ 
cular  Letter  No.  13a.  Office  «tf  The  Burffeon  General .  U.8.  Army,  21  Oct.  1942. 

3  Report.  Committee  nu  tin*  Toxicity  of  Common-lal  Atiibrlur,  )>lvMoti  t*l  Cliciiilwtry  ami  Chemical 
Technology.  National  Kewarrh  Council.  11  Oil  Iil42. 
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to  iilu.lill  nioiv  | il'iM'i~e  knowledge  Ilf  I  lit*  ivhilioii  of  iln-n<re  srliodlllos  to  <■!! i< - i«*l) I. 
llirr,’i|M'iil i<‘  ii>c  of  i lu>  driijr.-"1  Kosiilis  of  i  hose  studios  wore  ro|>i>m*i|  ilm  iiiir  llic 
en.'iiino  months  ni  oioei  ins's  of  i  lie  Snlirniiimilii-i>  on  I  'in  in  limn  ion  of  M  ;i  l.-i  ri:i  I 
Studios  which  was  nrjriini/.ed  iiiiiIit  iln*  Division  of  Mi-ilii-nl  Soieinvs  nrliiitf 
for  I  l*o  <  'iniiiiiil  Ice  oil  Modirnl  Kesealvh  of  the  National  lifsomvli  Coin  nil  on 
2D  •Innniirv  1  Inveslis'ntinii  of  i In-  rolmimiship  of  .lilli-ivm  M-l>odidcs  of 

sii|ipn*ssive  doses  of  Aliihrim*  to  |il;i~ni;i  roiieonii'iiinn  of  ilir  ilmjr  led  n>  nr- 
oiiiineniliit  ion  of  n  I'luinj'r  in  i  ln<  runt  inr  mot  In m I  of  adminisi  ml  ion.  This  ml  ion 
wits  liikrn  in  July  llH.'ial  u  joint  niei  iiii*:  of  l  lie  SiiU'niimiiili'e  on  Coonliii:ii  ion 
of  Mnl.'iriiil  Slinlirs  ,-iml  iln<  SiilM'oininiliri'  oil  Tro|>ir:il  Diseases  of  the  Nminnal 
lteseaivh  Council.-'  Itnsed  on  i hose  tin immieiidmiiins.  ilir  follow in<r  sehrdilles 
for  Alahrini*  suppressive  livatuietit  wen*  ndiqiteil  l»y  iln-  Army  in  Anpist  HH3: 

1.  Keeomuiended  nn<l IiimI.  •  i i.I  yin.  of  Ainln'inr  nnre  daily,  li  days  ;i  wi*ek 
(ini al  <i.<;  jrm.  per  wivk I . 

2.  Altrnniiivc  method  snlisfmiorv  in  i-ennin  iin>:i>.  im»."i  "m.  of  Aliilirino, 
once  daily  *>  days  n  work,  mill  n.l  yin.  on  I  In*  sovoni  Inlay  I  nil  nl  n.-l  yin.  n  wo»<k). 

.Mini-  extensive  ;nnl  precise  informal  ion  i-onecrniny  iln*  iv  In  I  ion  of  plasma 
roiironlmiioii  of  Aliilirino  lo  weekly  dosaye  was  ■( siiin>«l  ihroiiyh  n  oimi|nt- 
alive  simly  iiiihIhoIihI  l>y  ilio  ( 'oniiiiissinii  on  Tropical  Diseases.  iln*  Hoard  for 
ilir  Invostiyinion  snul  Control  of  |nllnen/.a  mol  Ollier  K|>iilrniio  Diseases  in 
llio  Army,  tin*  Office  of  Tin*  Siiryemi  (irnonil.  snul  tin*  Annoroil  Medical 
Ifesenroli  lailmralorv.  Fort  Knox.  Ky„  in  tin*  full  of  I l'|am  tin*  Imsis 
of  these  studies  ii ml  rt‘|H>iis  from  tin*  liolil  wliirli  won*  then  lawoiniiiy  nvatlnlile 
in  iiiiT»*nsiii|r  numliers.  in  .Inly  ISM4.  tin*  recommended  dose  of  Aliilirino  for 
suppressive  imiinirni  was  mi  soil  to  n.l  ym.  oni*o  ilnily  tlolnl  H.7  yin.  )ier 
work ) No  further  clninye  in  tin*  recommended  dosaye  wns  niinlo  ilnriny  tlio 
remainder  of  tin*  wnr. 

Conservation  end  Production  of  Atalirine  ami  Quinine 

Conservation  of  quinine  nml  production  of  Atnlirino  won*  problems  of  oon* 
siilomlile  ronoern  to  tla*  Tropical  Disease  Control  I )i vision.  When  early  in 
HVfci  tin*  .In  |  nil  lose  cn|>tiin*il  the  Notliorlands  Hast  Imlios.  the  world’s  prior  i|ml 
soi ms1  of  rinoliiniit  nlknloids,  it  liecmin*  iui|ieriitivo  to  innserve  tin*  stocks  of 
quinine  wliieli  luid  lieon  iiivmmilnted  in  this  country.  In  February  HMi.  The 
Snryeon  tlenonil  addressed  ii  inoinonindniii  lo  the  Army-Navy  Munitions 
Honnl  ml  vising;  tlnit  use  of  ijiiiiiiiis*  in  the  I’nited  States  la*  limited  to  treatment 


.UabrlRe  r«mfercnrc.  I'oniMlItre  on  Mt^lern  Kt>nf«rrli,  Nnlloitol  Ht,nfiirt,li  I’mim-ll, 

2  Nor.  1912. 

ST  Minn  ton  first  Merlin*.  Kithconiinllirr  on  L'lMinllnaMun  of  Malarltil  Si«*IW*a,  (YmralH**’  «m 
ynllrnl  Rfut-arrh  .Xalloual  Kfwurrh  Fount'll.  2*>  Jan.  /»  IhilMlu  of  Mnlarln  RewarHi.  ii>  3m  S5. 

•"*  Mlmilr».  Jnlnl  Slffllnr  of  SitltroMMlHns  on  Tr*«i*l«*nl  liUnneit  mol  the  rmtrtllnailnii  »«f  MnUrlul 
fttodtr*.  Ponnlllrf  on  Medical  Hesearcla.  National  K**s*itrrh  Founril.  2«  July  IW4::.  Im  IIiiIMIh  of 
Mnlarla  Rweanh.  pp.  10*  1 12 

*  Re|N>rt,  Araaoreil  M'vllral  Rnearch  Laltoralnry,  1‘ort  Kii»x.  Ky..  ..1  Ire.  l!l4o.  miltjecl  :  Final 
Rrpnrt  ot»  lhm(l|ill»n  of  Ibe  EteeU  «f  Ac  Hilly  and  llnvlhiiiaiekl  «mi  .llaltrlw  Tberapy 

*  War  Heparl  aaeal  Teehalcal  Bullelln  (TK  MKth  03.  .1  July  1944. 
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of  malaria.  On  *2  Maivl>  IUI2.  tin-  Alloy  Navy  Munitions  I ••  ui n I  l'nrwardcd 
lliis  to  ili<>  Wiir  Production  Hi mri I  ami  added  a  Inn  her  nvotoiuriidatioii  dial 
cultivation  of  cinchona  In*  iindrrlnkrii  in  Soniii  Aimn'ii'ii.  ’ 1 1 1 i -  anioii  led  to 
issuance  l»v  tin-  War  Production  Hoard  of  ( ‘oiixcrval ion  Older  M  lol  in  April 
H1 12.  which  established  ronlrol  mvr  l In-  supply  ami  disl riliul ion  of  quinine  in 
the  United  Stales  Mini  permitted  sale  of  tin*  ■li'n«r  only  for  use  ns  tin  tiuli- 
malarial  agent . 

Tin*  Surgeon  <  icueral  slipporli'il  a  project  for  I  In*  establishment  of  cinchona 
pliitiliil ions  in  Intpirtil  America  s|ionsnrcd  l»v  Col.  Arilnir  F.  Fischer.  M I.  wlio 
IiiiiI  brought  cinchona  seeds  to  lliis  country  from  llu*  Philippines  after  lilt*  fall 
of  Haitian.''1  Willi  llnse  seeds.  ii  was  planiii'il  to  establish  a  jicnMaucut  source 
of  high  quality  cinchona  Kirk  in  llu*  Western  Hemisphere.  Tin*  initial  phases 
of  tins  projwt  writ*  carried  through  under  the  auspices  of  tin*  Honrtl  of  Keo- 
noinir  Warfniv  (later  a  ill  vision  of  tin*  Foreign  Economic  Administration) 
with  snp|N>rl  from  tin*  War  Depart  meiil.  anil  nillivalion  was  marl  nil  in  several 
Central  ami  South  Aineriean  loeutioiis.  Hera  use  of  tin*  nsitnral  slow  growth 
of  the  lives,  this  project  tliil  not  inllueuee  quinine  supplies  during  the  war 
]K*rioil. 

Estimates,  piv|tare<l  in  the  sprin.tr  of  1!>I2  by  Preventive  Meilieine  Servire 
of  requirements  for  antinialarial  drugs,  were  based  on  the  assn  nipt  ion  that 
quinine  would  lie  needed  to  supply  at  least  .'»0  |ieivent  of  autiiualarial  medica¬ 
tion.  At  that  time,  uncertainty  prevailed  ns  to  |>ossilde  toxic  effects  from 
long-continued  use  of  Atahriue.  By  the  fall  of  1012,  further  jmsitive  stejis  by 
the  Army  wen*  needed  to  conserve  storks  of  quinine.  At  I  he  meet  i n^r  of  u  Ism nl 
appointed  by  The  Snrjreon  General  to  consider  this  quest  ion,  it  was  stated  that 
at  the  current  rate  of  eoiisinn|tt)on  quinine  stocks  would  proluihly  lie  exhausted 
by  the  end  of  10|:{.:'-'  The  Itonrd  decided  iijMin  a  |mliry  whereby  Atahriue 
would  lie  utilized  as  extensively  as  jmssible  in  the  suppressive  ami  clinical 
treatment  of  malaria.  Upon  recommendation  of  the  I  ward,  letters  were  sent 
to  commanders  in  the  field  to  advise  them  of  this  jiohey  ami  of  tlie  necessity  to 
conserve  quinine.  The  board  also  recommended  that  Atahriue  product  ion  in 
this  country  he  expanded  nnd  urged  (lie  purchase  of  certain  supplies  of  quinine 
known  to  lie  in  South  America.'''  Circular  letter  Xo.  IT!)  was  issue<l  on  21 
December  1!H2  by  The  Surgeon  General  to  stress  further  the  necessity  of  con¬ 
servation  of  quinine  by  utilization  of  Atahrine  to  the  fullest  jmssihle  extent. 

As  the  lighting  fronts  were  extended  in  tropical  regions  during  l!H2  and 
l!)t:>.  more  and  more  men  were  placed  on  regular  suppressive  medication  for 
malaria,  ami  the  demand  for  Atahriue  increased  enormously.  Domestic  pro- 

w  UHfr,  Th*  Httrerun  flrnernl,  ??.B.  Ann.r.  to  thf  Scrrelnrjr  of  War  Hhroiig)i  t  he  Com  mantling 
Gti^rtl,  Hfrrltvtt  of  Su|»|>I.Ti,  .2  S*|»(.  1*42.  wib^rl  :  Qulnlnr  I'liiKnllonn. 

n  Mnntinintiiin,  1.1,  Col.  K.  K.  l.tintH^n  (’liW,  EpM^mloDuty  llraneh,  Pt^rtMlre  Modlrlno  IHvl- 
alon.  Frnf**»loiinl  8mlf«i.  Oltf  «»f  The*  Kiirgron  firitarnl,  to  Tho  Knrg»*«ui  Onml,  C.8.  Arrn.r.  IflOd. 
1142.  mikVrl  :  rromtllan  of  n  Ihtanl  of  Olfinti  .lp|N»lnlrd  lo  ruiwltltr  (hr  iTrarnt  SlotuR  of 
AntlmaUrUI  iHug* 

a  Lelti*r,  The  Burgeon  General.  I'.S.  Army,  (o  titling  General,  Service*  of  Supply.  17  Oct. 

1*42.  pohject :  Bollv Inn  Qnlnlne. 
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tl Hit i« n i  of  tlif  tlni*;  already  hud  Ihtii  in* -riMscil  m*\ mil foltl  (luring  IHIt  mill 
i'll I'l.V  MM'J.  Kore-ecinp  future  inrivu-cd  rcqnirt'iucnis  for  Aial n  ine,  Tin*  Snr- 
pcoii  ticiieral,  in  (Violin-  IHIl',  nvtiuiiiirudril  further  expansion  of  prtxliirtiou. 
Despite  ilii-  ctlmi.  l In*  .-11  j >| >1  v  of  Aiahriuc  was  critical  dnriup  ilit*  lirst  quarter 
of  1!»|:>.  mid  a  1  local ions  writ*  necessary  to  int'i'i  llir  mttls  of  ilit>  l  .S.  military 
font's  mid  It'iid-ioast'  requirements.  The  Will'  Production  Hoard  ex  |  it'(  I  i  lot  I 
llir  roiisl ni*'i ion  of  lit* tv  facilities  for  (lit*  production  of  Aialirinr.  mid.  after 
the  lirst  t>  inontlis  of  l!l|.">,  si i| i| 1 1 it's  of  tin*  (Imp  wrrr  aili'(|iiali'. 

Tlinmphmil  llir  war,  (lit*  Tropical  Disease  Control  orpaiii/.al  ion  of  tin* 
Ollier  of  Tin*  Snrpeoii  (ietieral,  I’.S,  Army.  assisted  in  prr|Kiriiip  rstiiiiiites  of 
requirements  for  aiitiiiniliiritil  (Imps.  ltascd  i;|*ni  probable  c\|Misim*  to  ma¬ 
laria,  ealciilat ions  writ*  made  of  1  lit*  amounts  of  drops  its) niretl  |a*r  Ih.inmi 
nieii  pt'r  year  in  tlilferent  peopraphic  aivns.  Uccaiisc  of  uneeriaiiily  iiImiiii 
tin*  |H>ssil>lt'  toxieit y  of  Aialirinr.  calculation  of  tpiinine  it*<|iiiiviiii>iits  was  at 
first  made  on  tin*  assumption  tlnii  |M*reetil  of  men  rereivinp  suppressive 
mi'dieatioii  miplit  triplin'  (|inninc:  in  Deceinlier  Ibid.  this  lipnn*  was  drop|teil 
to  la  |M>rreiit ;  anil,  in  May  fit  II.  to  :i  |>ereeni.  1 

Sinee  nottial  issue  of  i)ti  in  it  U'  fell  far  I  flow  i  lie  estimalitl  requirements,  hy 
Afny  l!M4  Army  stockpiles  li.-itl  aceiliinilatrd  so  that  they  conkl  I*  exjiecled  to 
last  until  early  I!»I7.  The  War  Prod  net  ioli  Hoard  was  apprised  of  this  fact.3'’ 
After  Y-K  Hay,  it  was  reeoiiiiiieinleil  that  the  War  Production  Hoard  release 
amounts  of  qiiinine  stiilieietii  for  iloineslir  eiviliun  metlieinal  use.  This  modi¬ 
fication  of  Ciinservation  Order  M-lttl  was  put  into  rifts' t  IS  Aupust  104a. 

Ample  supplies  of  tpiinine  were  available  for  inililnrv  needs  thronjrhout 
the  war.  Hecnnse  of  the  sti|ierinrily  of  Atahrine,  consumption  of  quinine  was 
far  less  than  was  iiiitieipaiiil  early  in  the  war  |>ei-iotl.  Asa  result  of  exjieri- 
enee,  Atahrine  Ix'eaine  the  |m*fi'rti'<l  drnp  fttr  file  snppn'ssion  of  malaria. 

Cooperation  With  the  National  Research  Council 

The  Tropical  l>iscnse  Control  unit  served  ns  liaison  lietw'eeii  The  Siirpeon 
(ieneral  mid  those  apeiicies  involveil  in  tlie  development  and  trial  of  new  ilrups 
for  suppression  and  treatment  of  malaria.  The  wartime  propmm  for  the 
development  of  new  nut  ium  la  rial  drops  had  its  imvjH ion  in  the  Snlicommitleo 
on  Tropical  Diseases  which  was  organized  in  Mny  1  !M<>  hv  I  Ik*  Division  of 

**  (1>  Memorandum.  li.  f\*l.  Paul  F.  Ki<*»HI,  MC,  Tropical  IHara**  Control  Swlltm,  K|tlttointol<if.r 
Rraneh.  t'revontlro  l»KMi*n.  Sfrvtw.  MTSM1.  f*»r  l.t.  4‘»|.  II.  K.  I'tMltr,  fhK 

ItMotlrrnfiilo  Branch.  IHxlrlhtilloa  anti  Requirement*  |ilvl4».  Sii|t|*lv  St-rvlcr.  llTWi.  July  I1M"*. 

Rxlluated  AUbrtM,  Quinine.  and  Plaatnorhln  K«in]rrl»fiHii  of  Ihf  Army.  12)  Mfinnraailiim, 
Maj.  O.  II  McCoy.  MC.  Tropical  |M*caw»  ('onlml  Rwllon.  K|dtlcmlol'ury  Branch.  Preventive  Mnllelne 
Dtr)*)na.  I'mfcaalnnal  Service*.  flTMOi  for  t'hlef.  Ritjilromfnta  Branch,  nltfallnn  :  U.  C»l.  M»rtl«  A. 
Cnatpion.  17  Deo.  11)43,  nubjecl  :  KoUmilH  A4»brlue,  Quinine,  anil  Pla*aikH*hla  Requlremeal*  of  I  he 
Army,  t**i|  Memorandum.  MaJ.  4).  It.  Mct'oy.  34 C.  IHrecinr.  Tmjilfil  IMwaae  I'nitrol  IHrlalna,  Preven¬ 
tive  Medicine  Hervlte,  OTSG,  fur  Chief.  Supply  Service,  tf  May  ID44,  unbjcct :  Requirement*  of 
Quinine  for  Hii|t|uv»ii|vf  Tren<a*cnt*  of  Malaria. 

*  Mfniornatliiht,  Brlir.  (Sen.  Albert  .1.  Ilrnanlne.  4»St*.  IMrector.  Purchase*  DlvUlon.  ASF,  for  The 
Snrireoa  tleaerul.  17  May  1W44.  wihjie4:  QmIiiIiiv  PitwiiroNrcal.  anil  M  IntlonemeHl  thereto,  tinted 
20  May  1044. 
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Medical  Sciences  of  thi<  National  l'esenieh  Council  npm  rrciiiuiut'iiilat inn  by 
The  Surgeon  (tcnernl.  From  its  liisi  in^r  in  .Finn*  in  1«»  mil i I  lln>  sum¬ 
mer  of  1 ! ►  1 1 .  the  Snlwnininitltv  < li'sili  wiili  various  >iiiiii«'||<I:ii ions  rovei'nig 
1 1 10  prevention.  rl(cm<>|iio|ili\l:iM~.  and  rheinoi hempy  of  miilariii,  and  pro- 
mol  inn  of  reseaivli  in  t  lii.»  lieltl.  In  the  >1111111111  of  mu.  ilii>  Snlx'innniitlee 
instil  nil'll  a  serirsof  roliferriices  on  malaria  reseairlt.  1  lie  lir«l  of  which  was  held 
on  S  .Inly.  ’  In  Sepirnilwr  I !■  1 1 .  research  projta'is  were  ininaled  which  weiv 
ivi'niiiiiit'iitlfd  by  tin*  Siila'iiiumiHcr  on  Tm|ii*-al  Diseases  ami  writ'  linanntl 
through  1  Ik*  < 'ninlnilliv  on  Medical  Ucsca r<li  of  1  lie  DSHD  (Ollier  of  Scirnlilic 
Kescairh  mill  I  Vvolopment ) 

Klirl.V  ill  II* IS.  tin*  ('nlifrivnrr  on  Malaria  |{r>raivli  was  replaced  by  a 
SnU'oininillrr  on  Coordination  of  .Malarial  Studies,  organized  under  iln*  Divi¬ 
sion  of  Mrtliral  Sciences  acting  for  llit'  Ciinmiilii'e  on  Mnliral  Ki'search  of  I  In* 
Xnliolial  lirsraivli  Council.  Tills  Snlwoinmitliv  coon  limit  is  I  llir  I't'scsivh 
projects  on  1  In-  symbols  anil  biorlii'inistry  of  aininialarinl  drugs.  rarrital  out 
under  t Ih*  nu>|iirrs  of  iln«  Division  of  Clieiiiislry.  ami  llir  >1  mill's  on  tilt*  plitir- 
iniicitlogv  nml  ■  I i  11  iosi I  testing  nf  antiinalarials  >|MMisoi'rtl  by  llir  Division  of 
Medicine.  Throughout  llir  history  of  llirsr  conferences  ami  roillllliltrrs,  iv|i- 
ivscnlal ivi's  of  llir  IVcvelilivr  Mrdirinr  Service  allmulrtl  llir  nas'l i 1 1  jjs  ami 
anril  in  a  liaison  ra|ieieily  to  llir  ivsraivb  program  on  problt'ins  I'liroiinlrivtl 
by  llir  Army.  In  Xovnnlirr  I'-'-lo.  tin*  Siiliroiiiiiiiltrr  on  llir  Coordination  of 
Malarial  Sunlit's  was  sii|H*r>r<lr<l  by  a  I  buna  I  for  llir  Coordination  ofMabirin] 
Studies  which  inrbiilttl  iiflitvrs  from  tin*  military  services,''  Tin*  diret'ior  nf 
file  Tnipirill  Disease  Conlrnl  Division  scrvetl  on  ibis  Hoard  wllicli  fnnrl ionrtl 
through  tbr  miiaimlcrof  llir  war. 

Wbrii,  in  llir  spring  of  1(143,  tbr  clinical  testing  <>f  in*"'  nntinnilnrinl  drugs 
was  cxpii  tided  innlrr  enlarged  DSHD  ronirarls,  :i  Mrtliral  Corps  oflirt'is  nntler 
n  s| Hfial  nlltitmrnt  (t»  llir  Preventive  Mrtlirinr  Srrvirr  were  assigned  10  assist 
in  tbr  tlni);  research  pingrnm.  anti,  in  llir  "inter  of  l!>44.  iliis  group  was  en¬ 
larged  by  Tin*  Surgeon  <  irnrinl  In  In  o  Hi  errs.  Tbr  group  art  ivrlv  part  ici|  wiled 
in  tbr  rliniral  studies  imitlr  during  tbr  miniiinlrr  nf  llir  war. 

Clinical  Testing  of  New  Antimalarial  Drugs 

Tin*  first  new  drug  ivcommemled  to  tbr  Armrtl  Fort  vs  for  trial  was  snl- 
fameniziiie.  Firltl  tests  of  sidfaiueniziite  ns  11  causal  or  Irne  pro|ibylnci ic  were 
propised  by  tbr  SiiUniiimitirr  on  Couriimatinn  of  Mnbirial  Stntlirs  at  its 
meeting  oil  lit  I  Jumiiiry  l!>4.'t.  Tbr  rmniiiiteiidntioii  was  I  wised  upon  llir  propliy- 


^R^wrl,  ows4*i  Temk'n.  M  M  .  mul  K I  bn  1*1  It  M.  Kaiwwy.  M.U,  AuMitifllurhil  l»ruif*  . . .  nf 

Clipsltlftl  MdlfrlHl  tiffin'  rf  Mt'dltnl  I Mf«ir«itn I |i|vl*l«<14  nf  .Metllrtil  SrleMtin.  Nalli«»<iil  l‘exnirrli 

A  11*11*  t  1W44.  |*.  1. 

~  Mlmil**,  1‘tdtferewv  nn  4  'hr'imt  ln*rn  |ty  ««f  Ain  lit  r  hi.  S  July  1941. 

:H  Mill  I4»l*«>.  SlllM’omniltt*^*  (III  Trn|»t<  til  I  w>.  Illvlsitill  nf  .M  t ‘«l|cil  I  Srli'liri'*,  rHl 

INninrll.  4  Sf|«t.  1 1*4 1 

’Minnie*.  Ihwiril  fur  th«'  (uiirilbutlUiii  «f  Aluhirhil  Ml  milt**.  IMvlnlun  <»f  Milieu  I  Ht-h-Wr**-.  Ntitlminl 
IIpm’ii rrli  . . HI.  |i»  Xhv.  |f»4.*l.  /*  HmIIHIh  nf  M.tlurlu  Hcmun  ti.  |i|i  |«2  -IMS. 
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IflCI if  union  of  sulfadiazine  in  I ■  ( r< I  malaria  ;>lnl  in  (•ilrifxirtnii  malaria  in 
lilt  matt  IxMlitrs  mill  ii| ><>n  t  lie  demons  rat  kmi  nf  >iilf:iiiii'r.i/iiir's  ~ii|MTioiity  over 
sulfadiazine  from  i  In*  >i:iii<l|Miini  nf  j  >  1 1\~  i  <  >  I  <  >  >r  i  <  ■  <li>|>o>ii  inn  Mini  toxic  hazard.4 

In  urn  min  i  nr  with  lliis  advice  fmi»  tin-  Nsiiioiiiil  l»‘e>eanh  Council,  per¬ 
mission  iv;h  obtained  fit >m  tin1  Will-  1  K‘|>n I't  1111‘llt  In  conduct  held  tests  of  slll- 
famerazinc  in  oversell  theaters  where  men  were  ex  |  »>-.■«  I  to  malaria.  in  tinier 
to  ilet ermine  whether  this  drnjj  eonhl  :nt  sis  a  r;in»:il  prnphylari ie  in  Imiiiiin 
n  inlit  i*i:< :  I  lint  is,  actually  |>revent  iofeeiion.  I)iiirt  ninrs|>oinleiiee  from  Tltr 
Sllljreun  (ienernl  to  I  lie  oversen  eoiiiniiiiuls  was  authorized.  ami.  early  in  Man'll, 
letters  were  sent  to  the  eoiiinianditij'  generals  in  the  Southwest  l'neilie.  South 
1‘aeilie,  < 'hina-lfiiniia- fmlin.  and  the  ( 'arihliean  Ifefeiise  Coiiiiiiiind  to  ask  that 
tests  Ik1  ana  Hired.  sttjrjjesled  pr.aocol  was  euelosed.  and  l.s.i m i  tablets  tn.."< 
frm. I  of  stilfaiiiera/.iiie  were  sltip|>ed  to  the  siilffisnis  eoinrrneil.  The  ]>rotoeol 
snjrjrested  I  lint  approximately  inn  nniii  feeled  men  proeeedilijr  lo  a  hijrhly  lliil- 
larioiis  siren  la*  used  for  the  tests.  One-hiilf  *»f  the  jrronp  was  to  In'  jriveit  one 

<t..*>  trni.  tnhlel  of  sulfa . .  daily:  the  other  half,  the  usual  suppressive 

t rent ineiit  will:  Atahrine.  The  drills  were  to  !*•  jriveu  days  la-fore  exjiosiire 
to  iiialarin  and  wetv  til  la>  iNiiitinned  for  In  days  thrirnfter.  Tin*  |*eriod  of 
e.\]aisinv  was  to  la-  at  least  :!»t  days,  and  t in*  jteriod  of  oliservation  at  least  lilt 
days  after  the  last  dose of  theilrnjr. 

Trials  wltieh  eon fornnsl  in  jretier.il  to  t Ik*  aforementioned  protocol  weir 
carried  mil.  dtiriiijr  the  sprinjr  of  1!»4".  in  New  Guinea.  the  Solomon  Islands, 
India,  it  tit  1  Tuiniina.  Final  rejxtrts  of  these  studies  weir  siniiinnrizrd  for  the 
National  llesean'li  (‘onnoil.41 

Snlfameni/.iiie.  in  doses  of  <»..'*  jrm.  daily,  was  not  a  < -ansa I  prophylactic 
njrainst.  malaria.  Altlnmgli  this  dosajre  shown  I  a  fairly  Itijrh  degree  of  sup¬ 
pressive  aetimi  against  viva*  and  fair} /xi mm  infrclions.  its  effect iveness  was 
not  etptstl  to  that  of  Atahrine  in  d<***s  totaling  n.4  or  tt.ti  jrm.  |>er  week.  Sig- 
tiilieiinl  toxic  effects  from  sulfa inera/.iiir  wetv  noted  only  in  India  where  the 
men  were  living  nmler  harassing  conditions:  however,  in  no  instance  tlitl  the 
tlrttjr  have  to  lx>  stopjied  Itecn  use  of  toxic  react  ions. 

The  ivjx>rt  of  the  New  (•iiineti  trial  was  of  piiilicnlnr  interest  Wattse  this 
study  ittrltided  a  control  jrronp  of  M  men  who  did  not  rnrive  any  itoiinoihirial 
dmjr  ami  liecniise  it  was  tttt|xissil>le  to  eonlimie  the  followup  idiscrvatimis  for 
n  jieriod  of  ffisdays42  Althoiijrli  3  |x*t\vni  of  the  group  receiving sitlfnmernxitie 
and  '-2  jienrut  nf  the  control  subjects  tutjuircd  I’huunotlitnn  falciparum  infec¬ 
tions,  no  ixises  of  tnahiria  mused  hv  /'.  fatripamm  occurred  among  the  107  men 
wlio  received  Atnbrine  (0.0  jnu.  |>er  week).  None  of  the  33  cases  of  viva* 


*w  Srr  find  note  JSrt,  of 

41  MiUrln  Re|>ort  No.  64.  Oflct*  of  The  SurgcoD  General,  U.S  Array.  «.*  Division  of  Mi-illml 
Bdcm**  nctlujf  for  Committee  on  Medical  Keieirch,  OBke  of  Scientific  Itmarch  and  |Vvi  ln|iinriii. 
National  Research  Council.  4  Mar*  I  Ml. 

42  Re|*ort.  Col.  Maurice  C.  FlncuRs,  MC,  Chief  Consultant  In  Medicine.  Cnllel  Stale*  Army.  Scrv* 
Ices  of  Stipplf,  Boulhwest  Pacific  Area,  to  The  Surgeon  General.  ASP  (Ibromrh:  Chief  Suri^m, 
United  Stales  Army,  Services  of  Sup|0y,  Southwest  Paciflc  Area),  C  Jan.  1M4.  subject:  Summary  of 
Field  Test  oi  Salfame ratine. 
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llliihiriii  which  nltimutcly  develo|icd  in  tin*  hitler  pionp  nppi-civd  while 
At.-ihrine  was  I  temp  administered.  These  nhscrvntinns  were  highly  sipiiiliciint 
Im'illisr  they  afforded  well-controlled  evidence  obtained  under  lielil  .nliditioiis 
l  lull  Ahlln  inc  ill  !i  total  ilosupe  of  ll.Ci  pm.  |H>r  week  wn*  completely  elleclive  in 
siippressittp  I’/nxiiiiM/iinii  t'.'i't.r  infect  ion-  nml  in  |  nr  vent  iup  the  stihset|itenl 
ih,vel()|inielll  of  /’,  fulri/uii  nw  infectious.  :i  fuel  I  mine  out  hy  >iiIimi|||iiiI 
e\|Hrience. 

No  additional  <1  rnjr-  for  suppressive  Ireiilinenl  of  nial:iri:i  were  recoin  - 
nieiKleil  for  lielil  trial  mu i I  rliloroipiinc  diphosphate  (SN  "tit*),  hereafter 
referreil  to  ns  elihiroi|nine.  was  invest  ipaled  late  in  I !•  1 1 .  The  lil'st  recoin- 
tiieinhit  ion  that  I  his  drnp  w  as  suitable  for  lielil  te«i>  was  niaile  at  a  lueetinpof 
the  I  ton  ril  for  the  ( 'ootvlinnt  ton  of  Malarial  Studies  in  Sept  i>iiiIk»i-  t’.UI.1  It 
wtisnprecd  that  a  |irotoeol  would  Ik-  prepared  to  inchnle  stippested  field  trials 
of  the  ill'll};  n>  a  suppressive  npent.  This  protocol  was  siihsetpient Iv  pi  veil  re¬ 
stricted  publication."  At  that  time,  however,  reports  of  toxic  lead  ions  Ih-j.mii 
to  lie  received,  and  coiiso<|neliily.  it  was  recoinineitiled  al  the  next  moeliupof  the 
Hoard  that  current  studies  with  rhlorotpiiue  in  Army  and  Nsivy  installations 
lie  discontinued  until  the  uniformity  and  homopeneitv  of  the  various  htitehes 
lx*  established.*''  [alter,  it  was  found  that  no  elieiuical  dilferenees  existed  lie- 
tween  t lie  different  lots  and  that  toxic  effects  eoiihl  lie  iniiiimi/eil  hy  employiup 
smaller  doses. 

Kiirlv  in  t!>41.  arranpeuients  were  made  at  ilie  Army  Medieal  School  for  n 
sillily  of  plasiiiii  levels  of  clilor<M|iiinr  in  prnitps  of  volunteers  who  were  pivrn 
suppressive  doses  of !).:!  pm.  or  11..%  pm.  once  a  week.  This  invest ipat  ion  showed 
that  althoiiph  there  were  wide  individual  viiriiitinns.  plasma  levels  presmniihly 
effective  fur  suppression  wen*  pent-rally  maintained  hy  a  sinple  dose  ( 0.3  pin.) 
of  the  (Imp  (liken  once  a  week.  Kipiililu-iiini  in  the  level  was  apparently  reached 
after  the  tliinl  week  of  n«lmiiiist nil iiiii.*°  Similar  studies  prndiielive  nf  essen¬ 
tially  the  snine  results  were  carried  out  at  Moore  (ieuera)  Hospital  mi  11  pnmp 
of  patients  wlm  had  relnpsinp  tertian  iiiiiluriu.  No  relu|>scs  occurred  duriap 
8  weeks  of  suppression  with  !>..'»  put.  nf  i*ltliii*«M|iiiiio  oin-e  a  week,  nml  toxic 
effects  from  this  dosape  were  extremely  mild.ir 

Tlie  Hoard  for  the  Coordimitiou  of  M.-dnriul  Studies  reviewed  tlie  status 
of  the  researches  011  chhmxptine  in  Marcti  llkl.l  ami  upuiu  recommended  that 
the  suppressive  action  of  the  ilrup  Ik*  invest ipaled  in  military  forces  in  hy- 

aMI»nlt*.  Board  for  iho  Cnori)ln«lloii  nf  Malarial  Hindi**,  Nnlitinal  Rwarel  Council,  21  Sept. 
1M4.  In  Bullclla  of  Malaria  Rwurch.  pp.  472-51.1, 

« Malaria  Report  No.  2.10,  Hoard  for  the  Coordination  of  Malarial  Hindi**.  2f>  IM4. 

*•  Mlnatr*.  Board  for  the  Coordination  of  Malarial  ?luill*#.  National  Iti-to-tireli  Connell,  6  Nnv. 

1M4. 

"‘Mulfirin  U«*|H<rt  No.  417.  Capt.  J«lm  M.  Mnsi  ii.  SnC.  IdvNmi  nf  t  r>  ami  |‘li.v*lr*.  Army 

Mill Iml  ScIuniI,  Army  Metllml  iVutrr.  l»»  Ikuird  for  llte  CtMinlltiatloo  nf  Malaria  H(itill«*«.  May  l!»4*i. 

tz  1 1 »  Malaria  Jtnjmrt  Nu  4o7.  Mwllftil  lihluioii.  ntttc**  nf  Tin*  Surinam  I'.K.  Army. 

Ho*»nl  far  lh»*  4‘iMiriliiialloii  of  .Malarial  Simile*.  1  .May  1 1145.  CJi  Malaria  K’ix.r'  No.  44n,  Moon* 
ti«*  »u*ml  lla»|dl»l  nhronjrb  Hie  Tropical  1  Unease  r  real  mint  Itramh.  OTS4!  i  «»»  lUu.nl  for  tin* 
CtN.rtliufti  Ion  of  Malarial  Simile*.  I  Jmim*  IlM.V 


rituvisiuNs  mu  mai m.vriuu.  :;7 

pcicndemie  mens.  A  pmim-nl  i>f  :i  r-uggcsird  | ilnn  of  Mink  was  wi-iiion.1'  In 
April  Hll.'i,  Tin*  Surgeon  (iciicral  sent  letters  to  l In*  surgeons  in  Iniir  oversea 
thrillers  to  suggest  l li:il  (rials  of  rlilnro<|iiine  for  suppressive  l ivalinrlit  lie 
tmilerlilkeli.  Tin*  chief  ;nlv;iiii;i^s  of  this  drug  over  Aiahriue  at  ilia*  time 
were  us  follows : 

1.  A  single  weekly  iliw  of  o.:j  gin.  was  apparently  siillii  ieiit  to  ninininin  n 
suppressive  plasma  level  of  t lie  drug. 

■J.  This  dosage  did  not  rniisc  gn~i  mintesl iual  irritation  or  other  Mgiiilinmt 
toxic  etfeets. 

The  drug  did  mil  diseolor  the  skin  K.\|ici-iniciiis  in  eivilian  hospitals 
had  already  denimisl rail'd  that  c|il»ro<punc  was  mil  a  eausal  prophylactic 
against  malaria  ora  enrativc  drug  for  malaria  caused  hy  r'tcar. 

Redeployment  after  V-K  I  hy  and  later  demobilization  after  Y-.F  Day 
interfered  with  eondncling  suitable  trials  overseas.  Tests  with  chloroqniliG 
for  suppression  of  malaria  were,  however,  carried  out  in  India  and  in  the 
Philippines  during  the  summer  and  fall  of  P.l t.'i.IJ  These  studies  showed  that 
a  single  dose  of  li.;’,  gm.  of  the  drug  |hw  week  was  elfectivc  in  snpiiressing 
relapses  in  the.  iielil  of  malaria  eansed  by  /*.  i-ienr.  Only  a  few  siguiliemit 
untoward  etfeets,  mainly  gashnintesiinal  disturhanees,  were  noted  in  tippmxi- 
uialidy  7m I  men  who  look  the  drug  for  a  period  of  from  5  to  l  months. 

SUPPLIES  AND  EQUIPMENT  FOR  INSECT  CONTROL 

Repellents 

A  research  program  to  develop  improved  methods  of  insect  control  was 
instituted  by  the  Suliconiiiiittec  on  Tropical  Diseases.  At  the  lirst  meeting  of 
this  Subcommittee,  it  wits  suggested  that  chemical  rejiellcnts  against  mos¬ 
quitoes  be  studied  and  the  eoo|>enitioii  of  civilian  industry  lie  sought.-'"  In  the 
fall  of  104t.  after  funds  liei'iuue  uvuiliible  through  establishment  of  OSRD,  a 
contract  was  approved  with  the  Itureaii  of  Kiitouiology  mid  Plant  Quarantine 
of  the  U.S.  De| at rt incut  of  Agriculture  for  investigation  of  new  insect  repel¬ 
lents.51  This  contract  later  was  extended  to  include  investigation  of  other 


•*(1)  Vlnnln,  Rnanl  for  Ihe  Coordination  of  Mllarlnl  Similes,  1ft  Mar.  1045.  Im  Bulletin  of 
Malaria  Keanrrb,  rol  2,  pp.  M1-M7.  (2)  Letler,  Kttlvri  K  Utrh,  M.l*..  nxlrnan.  Board  for  Ibe 

Coordliatloi  of  Malarial  Rludk*.  lo  Maj.  On.  Nonaaa  T.  Kirk.  Samoa  General,  lT,S.  Arair,  2»»  Mur. 
IMS.  (3)  Malaria  Report  No.  353.  Jimm  A.  Shannon.  M  l).,  Chairman,  ttaael  on  Clinical  Tenlla*. 
to  Board  for  the  Coordination  of  Malarial  Sludtea,  1ft  Mar.  1943. 

*  (1)  Malaria  Report  No.  53ft.  29th  General  H««pllal.  India- Burma  theater.  aubmllied  l»y  Tropical 
rMBMMe  Control  Branch.  OTWJ,  lo  Board  for  the  C»nrilli»iti«»?i  of  Mtihirlal  Studio*.  7  No*.  1913. 
<2>  Malaria  Report  No.  937,  Tropical  Hlwaw  Coalrol  Braacli,  DTSO.  lo  lUwrtl  for  the  Coordination  of 
Malarial  SIihIIpk,  11  Feh.  194ft. 

••(1)  Mlnulet*.  Committee  on  Tropical  IMweawe*.  National  lleaearch  Ooiiadl.  19  June  11*40.  (21 

Minnie*,  Subcommittee  on  Tropleal  iHsea***,  Dlvlaicn  of  Medical  Science*.  Nallniinl  Renearcti  Cuinidl. 
30  July  1040. 

11  Minnie*.  Subcommittee  on  Tropical  Dl*ea*ef,  Committee  on  Medical  Ueaearrh  National  Research 
Covad  I.  13  Oct.  1941. 
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,,1,  uses  of  iliMvl  .'ontrid.'-'  ('iinlrm'ls  willi  oilmr  p>vrniin<‘iit:il  ji ■r«*IH‘i«*s  Mini 
civilian  lalmra  lories  were  made  as  I  lit*  seo|ie  of  I  lie  pmpam  inereiisrd  after  I  lie 

nni njjr « > f  ilie  war,  Slmliesof  die  loxi.-iiy  of  new  ((impounds  l«v  die  1  •>. 
Food  and  Ih-ng  Administration  were  im-lnded  its  sin  essonl ia I  plia-e  of  llio 
rescnreli  program.  In  .lime  I  tip.!.  llie  I\S.  I  >epariu«-iil  of  Apiiiiltmv  was 
asked  liy  tile  War  Department  to  i.nderlake  inve-lipilion  of  new  mns<|iiit<i 
larvieides  in  addition  lo  studies  whirl)  already  were  lieing  roinlllrled  oil 
iliseel ieitles  for  lire  and  iiiserl  re|>ellenls. 

The  til's!  lield  sllldies  Oil  l't-|  h"  I  l.-li  I  s  were  eondiieled  ill  I  lie  fall  of  lilll  at 
die  (iorpis  Memorial  I.ihiiratory  in  1‘aiiaiini.  Jailer,  as  it  lieeiiiiie  si|i|ist rent 
tlnil  held  studies  in  tile  tropies  were  uerrssary  to  sii|i|ilenient  lalMiralory  ii<- 
veslioal ions  in  this  roiilitiy,  fonr  Sanitary  Corps  entomologists  were  assigned 
lo  the  (iurpis  Memorial  Ijnlmraiory  to  eiiiulnei  siieli  studies  oil  the  new  re|nT 
lents  and  iiiseetieides.  They  liegan  work  in  the  spring  of  1!»43  and  during  the 
eonrse  of  the  war  made  a  nmiilier  of  mil  aide  emit  rilmt  inns  to  the  resenivli 
program.'1 

To  eoordimite  and  evaluate  the  investigations,  eonfereiiees  were  ealletl 
from  lime  lot  inie  under  the  a  aspires  of  die  National  lieseureh  Colilieil  at  vvhieli 
reeomniendaiioiis  were  made  to  the  armed  services.  At  die  lirsl  of  these  con¬ 
ferences,  held  in  August  MM2,  it  was  rceoiiiliieiided  dial  Imhihiiie  (liatopy* 
ronoxyl)  lie  adopted  iiimiedintely  liy  the  Armed  Foiv.  -  as  a  iv|ieHent  npiinst 
flying  inserts  and  that  lliilpus  1512  (g-eihyl-1.  .’i-hcxnnediol)  Iw  snlistitutcd  ns 
soon  as  it  could  In*  produced  in  snllirient  quantity/'  At  n  subsequent  meeting 
in  XovMiilier  1942.  dimethyl  plitlialatc  was  also  reeoinineiided  for  use  ns  u 
standard  te|H»llml,M  Dimethyl  jilit linhi to  mid  l.nlp'rs  1512  pive  protection 
npiinst  liites  of  mosquitoes  fur  several  hours  and  were  far  more  effective  tlinn 
insert  iv|N‘llenls  heretofore  nvailalile.  At  )i rst .  these  re|»ellents  were  issued 
separately  for  individual  use.  letter,  after  a  leeoiiilllemlillion  (if  the  Xntioual 
Kesr  a ivh  <  oiuieil  in  Scpteuiliei'  11143.  a  mixture  of  the  three  repellents,  referred 
to  as  "II-  2-2.“  (t>  pails  of  dimethyl  plillinlale,  2  parts  of  <512,  and  2  |Mirts  of 
Iiidaloue)  was  adopted/* 

These  repellents  were  developed  primarily  for  use  npiinst  mosquitoes. 
Investipitious  in  the  field  soon  diselosed  that  they  were  also  of  value  in  pro¬ 
tection  against  oilier  insect  vectors  of  disease.  Studies  in  Egypt  by  the 
Neurotmpie  Vims  Disease  Commission  of  the  Army  Epidemiological  Board 
showed  that  dimethyl  plillailiite  was  effective  npiinst  1‘hhhotomu* 


“Minnie*.  HfilMtnnnlllra  on  Tropical  IH*ea»c*,  Committee  on  Media)  Research,  National  Meaewrcti 
Council.  0  May  I  M2. 

“Hrnlu.  Mari* hall ;  Chronolvtch’iil  History  1043  to  IMS,  Unit  of  Sanitary  Cof|«  Officer*,  Gorjras 
Memorial  laboratory.  1'aDima,  1  Nor.  1043.  |  Official  record.  1 

B‘  Mlnutw,  Flrwt  Conference  on  Insect  Repellvnl)*,  Committee  on  Medical  Research,  National  Re¬ 
search  Council,  IS  Aujr.  1042. 

u  Mlnutefl.  Conference  on  Insect  Re)»ellen<*,  Committee  on  Medical  Research,  National  Research 
Council.  12  Not.  1H42. 

“Minute*.  Fifth  Conference,  Insect  Repellents  and  Insecticides.  Office  of  Scientific  Research  and 
Development.  National  Research  Council,  28  Sept.  1943. 
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the  vector  <»f  «nndl!y  fever,  lor  :i  (  hoi  ml  of  from  A  lot  hours.  :  Tots  in  Pern l»y 
investigators  of  the  Gorgas  Memorial  Laboratory  demonstrated  the  eircetive- 
ness  of  both  dimethyl  plitbalnte  and  Bulgers  fill*  against  local  .sjireic.s  of 
Phlebotomm  which  were  vectors  of  verruga  |M*rnana  ( bartonellosis) 

As  part  of  the  investigation  of  inos<|iiito  rc|>elleiiis  at  the  Orlando  Lalto- 
ratory  of  the  Bureau  of  Entomology  and  Plant  Quarantine.  tests  were  also 
made  on  larval  mites  (chiggers).  ll  vvsis  found  that  Iiidnlonc,  Kulgers  til'j, 
and  dimethyl  plithalnte  were  all  rUcctive  in  proleetion  against  larval  mites, 
espeeinlly  when  applied  around  the  openings  in  clothing.'1'  These  substances 
weiv  thus  of  value  as  a  preventive  measure  against  sernh  typhus  which  is 
transmitted  hv  eortain  sjteeies  of  larval  miles  in  the  Orient.  Ansliviliaii 
workers  re|torted  that  dimethyl  plilhnlate  acted  as  a  lethal  agent  against  larval 
mites  rather  than  as  a  repellent.  Men  liters  of  the  l’nited  States  of  Ameriea 
Typhus  Commission  working  in  Xew  Guinea  develo|H>d  a  field  method  for  the 
impregnation  of  elotliing  with  dimeiliyl  plithalnte,  utilizing  a  soupy  water 
emulsion.00  This  was  found  more  practicable  than  previously  used  methods 
of  applying  rejiclleiits  to  clothing  and  was  widely  employed  as  a  preventive 
measure  to  protect  troops  from  scrub  typluts  in  the  western  Pacific.*'  Bulk 
supply  of  dimethyl  phthnlate  in  gallon  containers  for  application  to  clothing 
wits  recommended  in  the  fall  of  lit  hi  for  certain  of  the  oversea  theaters.  In 
Decemlier  1044,  it  was  recommended  (lint  an  enutlsilier  bo  incorporated  with 
the  dimethyl  phthnlate  to  facilitate  (lie  preparat ion  of  emulsions  in  the  field. 

As  investigations  of  repellents  continued,  a  number  of  substances  were 
discovered  which  were  superior  to  dimethyl  phthnlate  for  impregnation  of 
clothing  to  protect  against  larval  uiites.  Benzyl  L-nzoatc  wns  selected  lieeause 
of  its  rapid  action  against  mites  and  its  (sTsistence  in  clothing  after  launder¬ 
ing.  In  March  104A,  recommendation  was  made  to  the  Office  of  the  Quarter¬ 
master  General  that  benzyl  benzoate,  together  with  an  emulsifier,  be  substituted 
for  dimethyl  plithalnte  in  the  hulk  issue  of  insect  repellent.  Because  of 
difficulties  in  procurement,  however,  supplies  of  benzyl  benzoate  did  not  reach 
the  field  in  time  to  lie  of  use  before  theeml  of  the  war. 

Insecticides 

Coincident  with  plans  for  the  deployment  of  increasing  numbers  of  troops 
in  tropical  regions,  need  was  foreseen  for  greatly  increased  amounts  of  insecti- 

**  Report.  MiJ.  Albert  B.  8*  bln,  MC,  “U.U.  Army  Vims  Commlaalon,**  U  S.  Army  Force*  In  tM 
Middle  East,  to  Comm  It*  ton  m  Neurolroplc  Vint*  DiMMf  of  Ike  Board  for  the  In  realisation  and 
Control  of  lalnenu  and  Other  Epldmlc  Dlaeaae*  of  the  Army,  Oflet  of  The  Bnnttna  Gorier* l,  C.8. 
Army,  Ma y  1943,  enbjeet:  Preliminary  Observations  on  the  Efectlvenea*  of  Cortala  Repellent* 
Aminat  PMetofomn*  pm pmtmmH. 

“Ofico  of  BefealUlc  Research  and  DevelopMenl  Monthly  Pro*xe*a  Report  No.  4,  Feb,  1944, 
subject:  Studie*  on  Repellenl*.  Spray*  and  Other  Cnnlrol  Meaaure*  Against  Pklck+tomm  Carried 
Out  la  tho  Rlmac  Valley,  Pern.  December  IMS  to  January  1944 

■A  Sammary  of  Inveatlmtlona  on  the  Development  of  ln*eet  Repellent*  and  Lonriddea,  OSRD 
Project*  M-723.  M-920,  and  M-431.  4  Mar.  1943. 

•*  Letter,  Lt  Col.  Joseph  F.  8adnak,  Jr.,  MC.  United  State*  of  America  Typhna  Coanbiloa,  to 
Dr.  W.  B.  Dave,  Bureau  of  Ealomolo*/.  DrpartMcat  of  Afrktiltnre,  7  July  1944.  Ineloaure  thereto. 

m  War  Depart a*nt  Technical  Bulletin  (TB  MED)  121,  December  1944. 
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cidcs  to  control  insect  (tests  and  disease  vectors.  I’yivl  It  rim  ■  was  I  lie  active 
ingredient  of  most  of  the  insecticides  employed  for  spray  killing  mid  also  of 
some  of  the  preparations  used  as  mosquito  larvicidcs.  and  was  widely  used  in 
this  count ry  as  an  agriciiltiiral  insect iride.  After  the  In-ginning  of  the  war, 
Kenya,  British  Ka-l  Africa,  Itecamc  almost  die  sole  source  of  pyrvilirtiiii. 
Increased  military  demand,  crop  failure  in  Kenya,  and  shipping  difficulties 
resulted  in  a  critical  shortage  in  the  spring  of  ll)|g.  At  a  confetvncc  held  in 
the  l’..S.  Department  of  Agricnlnire  on  gg  .May  l!»lg.  it  was  agreed  that  pri¬ 
orities  should  lie  established  to  control  stocks  of  pyivihritin  and  that  cultiva¬ 
tion  of  die  plant  should  lie  developed  in  the  1‘niicd  Slates.  Ity  action  of  the 
War  Production  Board,  supplies  of  pyrethrnm  in  the  I'ltitcd  States  were 
*' frozen"  on  11  Jinie,  and  thereafter  allocations  were  made  primarily  u|hhi 
the  basis  of  military  needs. 

In  the  spring  of  11)1:1,  a  joint  1'iiitcd  Siatcs-I’uiicd  Kingdom  commit  tee 
was  established  tinder  the  International  Aid  Division,  ASK,  to  consider  tech¬ 
nical  as|ieets  of  the  use  and  conservation  of  pyrethrnm  and  to  determine 
policies  to  govern  allocations  of  pyrethruin  (lowers  by  the  (’oinhined  Kaw 
Materials  Board/'5  It  was  agreed  that  the  aniotini  of  pyivtlinun  all  oca  ted 
for  military  use.  should  lie  in  pro|iort ion  to  the  ittiiiilter  of  troops  exjtosed  tti 
the  risk  of  insert -liornc  disease,  and,  so  far  as  practical.  Aiuerieaii  and  British 
standards  of  issue  of  pyrethruin  preparations  should  lie  identical  for  similar 
conditions.  Although  stocks  of  pyrethruin  remained  critical  during  IS»4fl  mid 
allocutions  continued  through  1944.  supplies  were  always  sufficient  to  meet 
essential  military  needs. 

Aerosol  Dispensers 

Economy  and  efficiency  in  the  use  of  pyrethrnm  by  tin:  Army  was  accom¬ 
plished  by  the  adoption  of  the  Aerosol  insecticide  dispenser  as  the  principal 
means  for  spray  killing  adult  mosquitoes.  In  11)41.  scientists  of  the  I’.S.  De¬ 
partment  of  Agriculture  discovered  the  principle  of  using  a  pm|>elleiit  gas  to 
disperse  an  insecticidal  mixture  into  a  fine  mist,  or  Aerosol.  With  the  advice 
and  assistance  of  officers  of  the  Preventive  Medicine  Service,  amitufaettirers, 
during  the  summer  of  l!Mg,  develo|)ed  u  suitnlile  smitll  container  utilizing 
Freon-12  as  the  pro|>ellent.  One  ]K>und  of  the  pyrethruin  mixture  contained 
in  this  cylinder  was  sufficient  to  treat  150, (XX)  cubic  feet  of  space  am]  was  more 
than  equivalent  to  1  gallon  of  pyret brum  oil  spray  in  insecticidal  efficiency. 
Because  of  their  small  size,  Aerosol  insecticide  disposers,  popularly  known 
as  mosquito  bombs,  effected  a  saving  of  approximately  85  ]a*rrent  in  shipping 
space  and  could  conveniently  lie  carried  into  forward  areas  (fig.  0).  They 
were  also  highly  valuable  for  disinsectization  of  nircraft.  S|tecificntions  and 
requirements  were  submitted  in  Octolter  1042,  atul  production  liegan  in 
Xovember.  By  1  March  194-*5,  approximately  «OO.IXX)  disposers  ltad  Iteen 
manufactured. 

«*Minule«,  Joint  United  Stiles*  Uni  ted  Klncdom  CoMmllleo  on  Pjrtlbran.  15  and  18  Maj  1043. 
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Fiuuk  0. — Aerosol  Insecticide  dispensers.  Both  typos  contain  Ibe  same  insecticide.  Net 
weight  of  contents,  approximately  1  [HMind. 

As  Aerosol  insecticide  dispensers  proved  llieir  worth  in  the  field,  recom¬ 
mended  allowances  for  use  in  malarious  nreas  in  oversea  thenters  were  increased 
by  00  percent  in  March  194:5.  By  summer,  difficulty  was  experienced  in  obtain¬ 
ing  sufficient  Freon- 12  to  ]>evmit  manufacture  of  the  number  of  dispensers 
needed  to  meet  oversea  requirements.  Strong  support  was  given  by  The  Surgeon 
(ieiieml  to  increased  allocation  of  Freon-12  for  insecticide  use.*3  As  a  result, 
War  Production  Board  Order  M-28  was  immediately  amended  further  to  con¬ 
serve  Freon-12  by  prohibiting  its  use  for  comfort  cooling  installations,  and 
steps  were  taken  to  increase  its  production.  A  proposal  to  mix  methyl  chloride 
with  the  Freon-12  used  in  insect ic’ule  dispensers  was  rejected  because  of  the 
toxicity  of  the  compound  and  because  tlie  gain  from  the  use  of  methyl  chloride 
would  not  compensate  for  the  loss  of  production  due  to  required  alteration  of 
manufacturing  facilities.*4  Supplies  of  Freon-12  for  Aerosol  disjtensers  re¬ 
mained  critical  until  new  plant  facilities  for  its  manufacture  were  completed  in 
the  summer  of  1944. 


•*  Letter,  MaJ.  Gen.  Norman  T.  Kirk.  The  Surgeon  Omen),  U.S.  Army,  to  the  Commanding  Gen¬ 
eral  ASK,  in  July  1ft4.*t.  tottijeet :  Kroon  III  for  liuMflldtlr  1‘w. 

••  See  footnote  JMV  |i.  A**. 
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DDT 

Tim  |»rin**i]>:il  advance.  in  insect  emit  ml  during  I  lie  war  was  the  discovery 
and  application  of  the  various  insecticidal  actions  of  DDT  against  the  vectors 
of  disease.  Jn  Fehruary  104:1.  the  Orlando  I  si  I  miim  ton  of  the  I’.S.  Department 
of  Agriculture  lirsr  reported  the  remarkable  effect iveuess  of  D1>T  its  sin  anophe- 
line  larvicide.  Further  tichl  studies  during  the  summer  of  1943,  including  a 
series  of  carefully  controlled  ex|ieriiiiciits,  conlinned  the  value  of  DDT  oil 
solutions  sind  dust  preparations  us  mosquito  larvicides.  Production  during 
1943  was  limited,  and  all  the  DDT  was  used  for  loose  |x>wder  liecsiuse  other 
ltoncrit icnl  materials  were  available  as  effective  larvicides.  Small  amounts, 
however,  (approximately  .">0  jvonnds)  went  shipped  to  esteh  of  live  oversell 
theaters  in  September  in  order  that  the  usefulness  of  DDT  as  si  mosquito  larvi¬ 
cide  might  lie  tested  under  the  varying  conditions  prevailing  in  the  iielil. 

In  the  meantime,  studies  of  the  toxieily  of  DDT  were  lieing  conducted  to 
determine  the  safety  of  the  different  preparations  of  DDT  for  various  insecti¬ 
cidal  uses.  liy  September  1943,  these  invest  igsitions  hsnl  progressed  to  I  lie  point 
where  the  National  Research  Council  Confeivnce  on  Insecticides  and  Kejiellents 
recommended  use  of  the  following  prepursitions: 

1.  Commercially  pure  DDT  for  use  (a)  in  a  r>-pewnt  solution  in  kerosene 
as  residual-type  spray  to  control  mosquitoes,  flies,  and  bedbugs,  and  (b)  in 
concentration  of  not  more  than  10  percent  in  (tetrolemn  oil  solutions  as  tin 
anopheline  larvicide. 

2.  DDT  in  powder  form  for  use  (a)  in  dilution  not  exceeding  10  ]**rcent 
with  inert  diluents  for  application  ns  anopheline  larvicide  dusts,  and  <h)  in 
water  siisiteitsion  with  a  suitable  wetting  agent  ns  residual-ty  |*e  spray  to  control 
mosquitoes  and  flies. 

3.  DDT  in  concentrated  (20  percent)  solution  for  dilution  with  water  and 
use  in  emulsion  form  as  a  residual-type  spray  and  as  a  mosquito  larvicide  (figs. 
7  and  8). 

The  first  estimate  of  requirements  for  DDT  for  use  as  a  mosquito  larvicide 
was  submitted  in  December  1943;  however,  except  for  small  amounts  employed 
for  experimental  pnr|»oses.  DDT  was  not  available  for  mosquito  control  until 
the  spring  of  1944.  Directions  for  its  use  os  a  mosquito  larvicide  were  published 
in  March  1944.“  Fifty  thousand  jx>unds  were  allocated  from  production  in 
April,  and  recommendation  was  made  for  this  amount  to  be  distributed  among 
the  various  theaters  in  malarious  Arens.  Automatic  shipment  of  this  supply 
was  ordered.  Regular  allowances  of  DDT  for  mosquito  control  were  first 
authorized  in  April  1944,  but  because  expanding  production  did  not  keep  pace 
with  the  increase  in  authorized  allow  ances,  allocat  ion  of  supplies  to  the  theaters 
was  necessary  through  the  remainder  of  1944.*° 

•War  Depurtmrat  Technical  Bulletin  (TB  MED)  14,  3  Mar.  1&44 

•(1)  War  Department  Circular  No.  151,  17  Apr.  1W4.  (2)  Memorandum,  Col.  Edward  T. 

Ma  cater,  OMC,  [Chief,  General  Supplies  Braich.  Storage  and  Distribution  Division],  for  Office  of  TUt 
Burgeon  General.  Preventive  Medicine  Section,  attention  :  Major  McCoy.  23  June  1W4.  subject :  Larvi¬ 
cide.  DDT,  Powder.  Dissolving. 
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Kka  rf.  7. — Mixing  DOT  in  the  field. 


Even  before  allowances  of  1  )DT  iiiosqnilo  control  items  weir  published,  it 
became  apparent  that  larger  amounts  of  Ibis  agent  would  la*  required,  esjtecially 
for  area  eontrol  of  mosquitoes  by  airplane  application.  In  March  1044,  esti¬ 
mated  requirements  for  DDT  were  approximately  quadrupled,  and.  in  May  1944, 
this  amount  was  doubled  as  a  basis  forcalciilatioii  of  Army  procurement  in  1945. 

Airplane  Spraying 

First,  studies  of  airplane  application  of  DDT  to  kill  mosquitoes  were 
conducted  during  the  fall  of  1943  lit  the  Orlando  Lulmraiory.  In  January  1944, 
a  conference  was  held  in  the  Office  of  The  Surgeon  General  at  which  liaison  was 
established  lietweeu  the  various  agencies  concerned  with  the  development  of 
methods  for  aerial  dispersion  off  insecticides,  Cooperation  of  the  Army  Air 
Forces  was  obtained  to  facilitate  development  of  equipment  and  for  further 
trials  of  DDT  airplane  spraying  tit  Orlando.  A  project  was  established  under 
the  Army  Air  Forces  Hoard  in  April  1944  to  determine  the  practicability  of 
employing  standard  aircraft,  and  equipment  for  this  pur|iose. 

In  order  to  confirm  in  a  tropical  jungle  location  the  promising  results  ob¬ 
tained  in  Florida,  arrangements  were  made  for  representatives  of  the  U.S. 
Department  of  Agriculture  to  conduct  a  field  trial  against  u  implied  tic  mosquitoes 
in  Panama  (tig.  9).  The  spraying  of  DDT  oil  solution  over  jungle  forest  at 
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FiiiURE  S. — l’rf|inmli<<ii  »f  1>UT  nil  solulimi  fur  nw  ax  a  ntuwiuito  ItirvMde. 


the  rate  of  0.4  |M»uml  of  DDT  jM>r  were  reduced  the  lninilier  of  adult  anoplielines 
by  more  than  00  j>ercent  and  killed  practically  all  anopheliite  larvae.*7 

Upon  the  basis  of  favorable  results  obtained  in  Florida  and  iu  Panama, 
a  summary  of  information  then  available  concerning  airplane  spraying  of 
DDT  was  sent  in  April  1944  to  the  surgeons  of  theaters  in  malarious  areas,  and 
further  trial  of  this  method  of  insect  control  was  encouraged.  Also,  the  possi¬ 
bility  of  DDT  airplane  spraying  for  mosquito  control  in  combat  areas  was 
emphasized.  During  the  summer,  airplane  spraying  projects  were  carried 
out  in  all  the  tlieaters  where  mosquitoborue  diseases  were  inqiortant,  in  many 
instances,  with  equipment  improvised  in  the  field.  This  method  of  control  was 


*  Interim  Report  No.  0-76:  Studies  on  the  Application  of  DDT  from  the  Air  and  nn  the  Ground 
for  Control  of  Mosoulttmtf  In  Panama,  Arthur  W.  Lindquist,  I'  M.  Department  of  Agriculture,  Agri- 
cultural  Rrnearch  Administration.  Hurra u  of  Kulomotogy  and  I’tunt  t/tuiru  urine.  tlrlando.  Flu.,  and 
Capt  W.  C.  Mr  Du  flic,  Snf*.  Army  of  the  L'nlted  Stnlen,  to  Committee  on  Medical  Research  of  tbf  Ofllco 
Of  Rdenllflc  Research  and  Development,  29  Apr.  1944,  subject:  Insert  Repellents.  Contract  No.  M-723. 


PROVISIONS  FOR  MALARIA  CONTROL 
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Ffni  RE  !>.— B  25  airplane  aprnying  I*DT  nil  solution  over  jangle  area  In  Panama. 


especinlly  viilmilile  in  newly  occupied  territory  before  ground  control  measures 
could  be  established.  In  order  Ilitil  aerial  spraying  might  l»e  |>erfonned  most 
efficiently,  il  wns  j»n»|Hised  that  s|>ecitil  squadrons  be  authorized  for  lids  purpose. 
In  May  1945,  certain  of  the  oversea  theaters  were  questioned  concerning  the 
extent  to  which  such  units  could  lie  utilized.  Tito  wnr  ended,  however,  before 
s|MH'inl  Air  Forces  units  were  organized  and  trained  in  this  country. 

Furtlier  experimentation  in  the  development  and  trial  of  apparatus  for 
dissemination  of  DDT  from  nirernft  wns  conducted  throughout  the  war,  lioth 
in  this  country  nnd  overseas.  Much  of  this  work  wns  curried  out  l»v  the  Army- 
Air  Forces  Hoard  in  close  cooperation  with  Division  10  of  the  National  Defense 
Research  Committee,  OSRD,  and  other  Government  agencies.  Important  in¬ 
formation  was  acquired  concerning  the  principles  and  practical  applications 
involved  in  tl»e  dissemination  of  insecticides  from  aircraft.” 

Because  DDT  not  only  kills  disease  vectors  but  also  may  destroy  fish  and 
wildlife  and  certain  species  of  insects  benetk-ial  to  agriculture,  consideration 
was  given  to  precautions  to  be  observed  in  Inrge-scale  use  of  DDT  in  this 
country.  A  conference  wns  held  between  representatives  of  the  Army  nr.d  the 
I'.S.  1'uhlic  Health  w-rvicc  in  Miid-Ii  1945,  and  it  wns  agreed  that  certain 
safeguards  should  c  adopted  to  prevent  indiscriminate  application  front  air- 


**  A  mini*.  K.  r  .  I-  iffer,  l \  H,.  Ilroak.  1».  W  LN-kwontl.  J  S,.  Ciirtlra.  O.  A..  Jr..  Wrara,  J.  T„  All 
Wlnt«»raltx.  M  <'  f « <lltor*«  I  :  Ailviihtm  la  Military  Alullclw.  Ilantna:  l.llllr,  llrown  k  Com  pa  ay, 
ifrjs.  \M.  ii.  i»i>  im:;  «■*■*. 
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craft  in  lilt*  CnitiMl  Stales."'  V:i r  I  Vpail  nicni  Circiihic  No.  i7.  published 
ou  10  .1 II  Iv  l'M.'i,  |>rc'(liU-(l  1 1 1 : 1 1  projects  fur  airplane  spraying  of  1>1>T  :i  I 
military  installations  in  tln>  emit  mental  I  * nitt‘<l  States  nnisi  lir-t  U>  approved 
liy  the  Army  Commit  ti*‘  for  Insect  and  Undent  Control.  Nine  such  projects 
were  approved  in  I'.M.V 

Army  Committee  for  Insect  umi  Undent  Control 

WImmi  problems  in  i ln<  supply  .mil  1 1 -i'  of  DDT  assumed  increasing  im- 
irortiiiKT  early  in  1!IH,  the  Commanding  <iener.il,  ASF,  :it  ihe  suggestion  of 
the  director  of  OSRD  request  i*  I  The  Surgeon  <ieiier.il  lo  form  »  committee 
lo  coordinate  the  activities  of  various  agencies  concerned  vvilh  this  new  insecti¬ 
cide  mill  to  make  recoil imriidnt ions  regarding  |>iimI iietinn.  allocation  of  current 
supplies.  mill  new  applications  for  nsi'  in  the  lield.  This  commit  let',  known 
as  Tho  Surgeon  Genera I’s  DDT  Committee,  consisted  of  representatives  of 
the  Navy.  U.S.  Public  Health  Service.  V.S.  Department  of  Agriculture.  mid 
OSK1),  as  well  as  various  hranelies  of  the  War  iH'pnrt  incut.  The  eonimittee 
served  as  a  valuable  channel  for  the  interchange  of  information  and  the  correla- 
tion  of  various  phases  of  research,  proihn  tion.  distribution,  and  lield  uses  of 
DDIV 

Itv  the  fall  of  !!•  14.  the  senpe  of  resin  re  1 1  aspects  and  eivilian  applieations 
of  DDT  had  become  so  extensive  that  the  OSKD  ereatisl  an  Insect.  < 'iintrol 
Committee  tocorivlnle  the  iliverse  and  expanding  research  projects  involved 
in  this  program  nnd  to  act  as  an  information  hnreau  for  the  eulleet ion  mid 
dissemination  of  informatiim  on  DDT.  Tlie  Surgeon  <ieneraFs  DDT  (’oinniit- 
tee  became  the  Army  Committee  for  Insect  and  Undent  Control  which  con¬ 
tinued  to  deal  witli  the  military  as|  verts  of  DDT  and  also  einisiilereil  other 
measures  for  the  control  of  insects  and  roik*iits.:-  <'los»*  liaison  was  inaintnineil 
betwi>eii  tlie  two  committees.  lie|>oris  from  Army  sources  were  submitted 
to  the  OSUD  Committee  for  nlvstnictiitg  and  ilistrilaitiini  to  the  vnriims  I’.S. 
anil  Allied  agencies  interested  in  DDT. 

The  Sulvctminiiitec  on  Field  Cscs  of  the  Army  Committee  for  Insivt  umi 
Uoilent  Control  dealt  with  matters  of  immediate  roiuvni  to  the  Army's  t  ropieal 
disease  control  program.  Tlie  lield  testing  of  new  re|n‘llenis.  the  dissemination 
of  DDT  from  aircraft,  and  the  development  of  Aerosol  methods  of  ilis]iersal 
were  the  most  im|xirtniit  subjects  of  consiik'r.t', mi,.  Although  i>x|K>riiiit'nlK  were 
comlncteil  with  smoke  generators  inn1  explosive  charges  as  means  of  disseini- 


•(I)  I/Mrr.  Brlr  <»rn.  Jumfit  8.  8 1  mm  on-.  V.S.  Arm?  Hili'f.  I’H'Tfiilivr  MwllcliH'  S^rrlfT, 
OT80,  to  Dr.  ThoMan  Purrnn,  The  8urj;»M>n  lirm-riil.  l.'.S.  I'iiIiIIi*  1I»niI<Ii  St*rv|n',  12  Apr.  IM5,  la- 
closure  (kfr»(o,  stihjccl :  Use  »f  DDT  for  Mo<x|iiliu  Control  In  (b«  CnUrd  Hlutf*— A  Jnlnt  Hlhtearat 
of  Policy  by  the  I*. 8.  Army  aid  the  17  8.  1‘ubUc  Health  hVrvUt*.  (2)  letter.  (?,  L  William*.  AssUt- 
m»t  Sarfron  General.  U.S.  iknbll«  Health  Serrlet*.  lo  The  Korswm  Omic.ii).  V.S.  Army.  20  Apr.  1043. 

"Minute*.  Nlnlh  Meetlac.  Anar  Committee  f»r  Insert  am)  Rodent  tVmtrul.  28  Auy.  1043.  Ap¬ 
pendix  11  j  Report  of  Subcommittee  nil  Field  t*>es.  2“  Ainr.  1043. 

71  Minute*.  The  Surgeon  Grneral'a  DDT  Cnaamlttee.  lit  June  11444. 

'2Vnr  Depurtim  nt  Memorandum  Nu.  ID  44.  S  Xm\  11*44. 
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natiug  DDT,  I liesc  methods  1i;ii1  mil  Imh*ii  adopted  for  lit*l«  1  n«e  liy  the  end  of 
the  war. 

Dissemination  of  Information  to  Field  Workers 

The  cirelllalion  of  information  euiiccrniiig  new  developments  ill  insist 
ennlrol  to  workers  in  ilie  field  was  an  iin|«iiinin  phase  of  the  tropical  disease 
eontrol  program.  Minutes  of  meetings  of  The  Surgeon  CieiieraFs  DDT  Com¬ 
mittee  and  later  of  the  Army  Committee  for  Insect  and  Bndcin  Control  anil 
the.  •‘Abslrart  Bulletin'*  of  the  Insert  Control  Committee.  DSHD.  were  sent 
directly  to  key  |tersons  in  this  eomiiry  and  overseas.  As  new  insect ieides  were 
adopted,  directions  for  their  use  were  pnhl isluol  in  War  Ikqiartinent  technical 
medical  bulletins.^  Arrangements  wets*  made,  1 1  irons'll  coo|>enitinii  of  the  C.S. 
Department  of  Agriculture,  for  selected  Medical  Department  oflieers  to  observe 
demonstrations  of  the  field  uses  of  DDT  insect  ieides  and  the  new  re|>elleiils  at 
the  Orlando  laboratory  of  the  Bureau  of  Entomology  and  Plant  Quarantine. 
Those  4-day  demonstrations  were  held  at  intervals  of  approximately  ft  weeks, 
beginning  in  November  1  !»4A  ami  continuing  tlirough  July  1DI.'».  They  were 
exlivnndy  valuable  for  the  i  list  met  ion  of  preventive  medicine  oflieers,  especially 
those  assigned  to  oversea  service. 


Distribution  of  Supplies  and  Equipment 

Because  supplies  of  iusei-t  ieides  ami  other  items  for  emit  ml  of  insects  were 
often  limited,  it  was  necessary  to  distrilmte  what  was  available  among  the  var¬ 
ious  theaters  in  ncvonhmce  with  the  estimated  ihshIs.  Aironlingly,  the  Pre¬ 
ventive  Medicine  Serv  ice  usually  recommended  allowances  of  insect  ieides  and 
pest  control  equipment  in  tenus  of  so  uincli  ]>er  thousand  men  jier  month  in 
s|tecilieil  geographic  amis.  These  allowances  served  iis  ii  basis  both  for  the 
Army  supply  program  and  for  the  requisitions  from  oversea  theaters.  The 
first,  published  table  of  allowances  was  issued  in  March  l!U:t  and  was  revised 
as  supplies  increased.  Since  some  items  were  supplied  by  tbe  Quartermaster 
Cor | *s  ami  others  by  tlie  Cor|»s  of  Engineers,  it  proved  rouvenient  to  publish 
subsequent  tables  of  allowances  in  the  form  of  "War  JV|*artment  circulars/* 

Issuance  of  insect  control  supplies  was  a  constant  problem,  not  only  lie- 
canseof  frequent  materiel  shortages  in  this  country  and  tire  necessity  for  alloca¬ 
tions  hut  also  because  of  iiuideqtuue  distribution  in  the  oversea  tlienters.  When 
tlie  Aerosol  i'e ectieide  dispenser  ami  tlie  new  re]iellents  were  adopted,  estab¬ 
lishment  of  ndeqiiate  sup|dies  overseas  was  |tartirnlarly  difiirult.  Automatic 
supply  of  these  items  was  therefnre  ordered  ill  March  lSH-’t.  Because  troo|>s 
often  arrived  in  laidarions  localities  without  provision  for  adequate  insect 
cnntrol  supplies  and  equipment,  it  was  ordered  that  a  :m-dny  supply  of  essen- 


•a  (1>  See  footnote  ©5.  p.  42.  12)  War  I  kepartnienl  TVrhuhml  Ihilletln  iTB  MED)  lt©»  25  Ocl. 

1944.  12)  War  I*partn*at  Technical  Bulletin  <TB  MED)  194,  IT  Auf.  1945. 

?«<1)  War  Drpa  M  an*  t  Circular  Xm  239.  1  (M.  1942.  (l»i  mi  ID.  p.  42.  (3)  War 

DeptrliMDl  Circular  1©::,  4  inn#  1945. 
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tial  untinuilnriid  drugs,  insect  iridcs,  and  nqiellriits  accompany  i loops  embark¬ 
ing  in  this  country  nml  that  they  lie  so  stored  uIxkiiiI  ship  as  to  tie  immediately 
availalile  iqsui  landing.™  Provision  also  was  made  that  troops  carry  a  mos¬ 
quito  liar  and  a  liottlc  of  insect  re|iellcnt  as  part  of  their  individual  equipment.™ 

EDUCATIONAL  ACTIVITIES 

Instruction  for  Medical  Officers 

Development  of  s|>ecial  courses  ttiitl  programs  of  instruction  formed  part 
of  Tropical  Disease  Control  activities  at.  intervals  throughout  the  war.  As  the 
Medical  Department  lepm  to  expand  in  the  prewar  jieriotl,  physicians  who 
were  I  icing  t vomited  from  civil  life  had  little  or  no  practical  experience  with 
tropical  diseases.  Teaching  of  tropical  medicine  in  l‘.S.  medical  schools  was 
jrenetally  either  inadequate  or  altogether  lacking.  To  meet  this  delieieney, 
a  special  K-week  Coarse  in  Military  ami  Tropical  Medicine  was  organized  at 
(lie  Army  Medical  School  for  medical  officers  coining  into  the  servin'.  The 
instruction  emphasized  the  preventive  and  control  ns|iccts  of  tropical  infectious 
as  well  as  the  methoils  for  their  diagnosis  and  treatment.  The.  first,  course 
began  in  August  1041.  During  the  war,  2*  courses  weiv  held,  attendnl  by 
1,707  Medical  Departuieut  officers  who  completed  the  course  and  by  4-S  others 
who  received  part  of  the  instruction.  As  approximately  .Vi,000  doctors  weiv 
mobilized  into  the  Army,  this  prognim  of  courses  met  only  a  small  fraction 
of  the  need  fors|iecinl  instruction  in  tropical  inetliciin*." 

As  a  longer  runge  program,  ste|»s  weiv  taken  iliniugli  the  Snlicinniuittee 
on  Tropical  Diseases  of  the  Xntinuul  Keseairli  Council.  in  the  siinuner  of  1042, 
to  improve  undergraduate  teaching  of  tropical  medicine  in  medical  schools 
which  wen*  then  largely  given  over  to  the  training  of  future  medical  officers 
for  the  Army  mid  Xavy.™  (irmits  from  the •loliti  and  Mary  11.  Markle  Fonniln- 
tion,  totaling  8170,000,  in  the  years  1042,  lOl.'l,  in  id  1044  ennliled  medical  schools 
to  send  one  or  two  stuff  meiuliers  to  the  8- week  course  in  tropical  mtHlieine  nt 
the  Army  Medical  School  and  to  Central  America  for  u  month  of  practical 
field  p\|ierieniv  in  the  tropics.  Of  the  77  medical  schools  in  the  I’nited  States, 
is!  t<s>k  ml  va  it  tap'  of  these  op|M>rtiiuities.:'‘  With  the  support  of  the  founda¬ 
tion  grants,  specially  qua lilietl  lecturers  and  parasitologic.  sjieoimcns  mill  other 
teaching  materials  a  Iso  were  furnished  to  medical  schools. 


"Ill  la-tier,  Brig.  (Jen.  I.  8.  (Mrnndsr.  VS  A.  Adjutant  lliwnl.  V.8.  Ar my  Fnrroa  In  Ih<>  Far 
Eaat,  to  The  Adjulant  General,  War  I>e|iarfitieat.  i  Oct.  IIH'I,  mihjecl :  Malaria  Control.  (2)  Ulirr, 
MaJ.  Goa.  J.  -V  I'lln.  Adjulunl  General.  War  [►isrlornl.  to  t be  Commanding  Generals.  I'ortn  of  Kn- 
barkiiltoa  :  the  Cnaiuiundlng  OBSccrs.  Fort*  mid  Subports  of  Kinhurkntloa  ;  Ihe  Quartermaster  Ora- 
mil ;  The  Surgeon  General.  aud  Chief  of  Transiairiatlon,  20  lire,  ltl-ln,  aul'jirt :  Anllmulnrla  8ti|i|4 les 
for  Troops  Moving  Overseas. 

Nl'rt-nitrflllioi  for  Overseas  Movement  ISborr  Title:  I'O.Ml,  2(1  edition.  I  Alt.  104”. 

71  On  to  were  obtained  from  the  Uesoareos  Analysis  llltlslou,  tllWee  of  The  Surgeon  General. 

n  Minnies.  Klsvoiilh  Meeting,  Suhenmnilltee  on  Troplml  IU«e,ises.  t ’..moil  I  tee  oh  Msdlral  Ke- 
aenreh.  National  Research  Council,  s  July  1942. 

Annual  It, |H.rl ,  The  Jnhn  nml  Mnr.v  II.  Marble  Fmimlatlon.  It>44 
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When  the  war  in  Enm|>e  ended  and  the  redeployment  of  large  forces  to 
the  Pacific  wns  seliednled,  arrangements  wens  made  for  refresher  training  in 
tropical  medicine  for  medical  ollicers  during  redc|dnynient.  A  2-week  pro¬ 
gram  of  instruct  ion,  known  as  the  (’•mi's*'  in  Diseases  of  ilie  Pacific  Area, 
was  estahlislied  at  Carlisle  Ha  tracks.  Pa.,  and  a  group  of  12  s|>rciiilly  qualified 
officers  was  selected  to  give  refresher  instruction  on  the  pivventioii,  control, 
diagnosis,  and  treatment  of  these  diseases.  Tile  ionise  was  intended  for  Medi¬ 
cal  Corps  officers  assigned  as  unit  surgeons,  11s  medical  ins) lectors,  or  as  chiefs 
of  hospital  inedieal  services.  The  first  iioirse  Itegan  on  2<i  August  194.1,  lint, 
lieeinise  the  war  ended,  only  four  courses  were  given.  A  total  of  (MS  officers 
attended. 

The  issuance  of  iiiforinatioiuil  Indict  ins  and  other  educational  materials 
was  nn  ini|Kii1ant  activity,  lieeunsc  .Medical  Department  officers,  in  general, 
lacked  knowledge  and  e.\|s‘rienct«  ivlating  to  tropical  disease's.  The  liisl  digest 
of  essential  information  eoiireniing  tropical  infections  was  distriloited  in  June 
1941  ns  a  circular  letter  for  medical  officers.*"  It  wns  re|  nil  ill  shed  in  an  ex¬ 
panded  form  early  in  194-V  The  prevention  and  control  of  malaria  was 
discussed  at  more  length  in  a  separate  publication.*-  Later,  as  more  in  forma¬ 
tion  wns  acriinmliited  from  the  Army’s  field  exjierienee,  iudividnnl  bulletins 
were  issued  dealing  with  specific  discuses  which  had  proved  to  lie  of  military 
im|M>ilnuce.  As  a  rule,  these  deserilied  diagnosis  and  treatment,  as  well  as 
prevention  mid  control,  and  were  pnqMivd  in  rollalioi-atinu  with  other  inter¬ 
ested  divisions  of  the  Preventive  Medicine  Service  and  the  Medical  Consult u nts 
Division,  OTSG.  Hecaiisc  of  the  outstanding  militurv  iiii|Mirtaiice  of  iniiliiria, 
War  De|Nirtineiit  technical  medical  Imllctius  were  prepared  from  time  to  time 
ill  order  to  summarize  latest  field  ex|»erien*vs  with  the  disease  and  give  informa¬ 
tion  concerning  tlic  development  of  new  coin  ml  measures.  These  bulletins 
were  8  of  24  War  Department  technical  medical  bullet  ins  on  tropical  diseases 
which  were  prepare*!  primarily  or  in  part  by  the  Tropical  Disease  Control 
Division  during  the  war. 

Eleven  articles  relating  to  the  control  of  tropicnl  diseases  were  printed  in 
medical  ami  scientific  journals.  The  most  significant  of  these  publications 
were  a  key  to  the  mmpheline  mosquitoes  «f  the  world  and  a  nxisqnito  atlas 
which  summarized  inqiortant  information  coneeniing  tlie  vectors  of  malaria 
and  other  niosquitobome  disease.'1  These  were  issued  in  the  spring  of  1943 
and  were  highly  valimlde  to  entomologists  ami  oll«er  memlieis  of  the  worldwide 
malaria  control  organization. 


“  Sw  fiNiimitf  2d  (1),  p. 

M  Circular  letter  .Nw.  .*:t.  Office  of  The  8urjr«*on  tienernl.  I*.M.  Army.  -  Keh.  IMS. 

Circular  letter  N»*.  Older  of  The  Surifmin  fU'iiml.  ’*  S.  A.ntj .  Id  Jmi.  1MH. 

JC*  ♦  l  >  Kiihm>II.  Caul  F..  Kmi'lMioin.  IJo>d  K„  hip)  St<»ne,  Alan:  Keyw  to  the  AiuHtliHInf  Moftqulloea 
of  Ihe  World,  wllh  Nolen  on  Their  IdeittlttciiHon,  IHxIrlhiilln  i,  llloloyy.  Mini  Rrlallvn  l«  Malaria. 
Philadelphia :  Tho  AnrrlcHN  Entonioloulotl  Sorletj,  The  Arntlemy  of  Natural  Srlrncw. 

Rom,  Edward  S..  and  Koberi*.  II.  Kadelyffr:  Uhm)u1Io  Allan.  Philadelphia :  The  American  Knluno* 
logical  Society,  The  Academy  of  Natural  Science*.  pt  1,  IMS. 
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Tlio  Division  (if  Medical  Sciences  of  (lie  X:iti<m:il  HcsoMivh  Council  de¬ 
veloped  :i  scries  of  compact  ami  practical  textbooks  designed  jmrticularly  for 
use  by  Army  and  Navy  medical  forces.  Two  of  the  volumes  had  special  value 
in  malaria  control  and  were  prepared  by  stall'  iiicihInTs  of  the  Anny  .Medical 
School.** 

Troop  Training  in  Malaria  Control 

During  the  summer  of  1943,  etforts  were  made  to  strengthen  the  training 
and  indoctrination  of  troops  in  malaria  control  measures.  In  Septcmlicr  1943, 
War  IVpartnient  Ciivnlar  Xo.  gg.'J  was  published  which  prescribed  u  special 
T- hour  course  in  malaria  control  and  discipline  for  everyone  in  the  Army.  For 
future  ollicers  and  inductees,  it  was  ordered  that  this  instruction  be  included 
during  their  training  in  the  continental  United  States.  For  personnel  already 
in  the  Army,  lmtli  in  the  United  States  and  overseas,  the  instruction  was  to  be 
completed  at  the  earliest  dale  imssihlc.  Details  of  the  instruction,  including 
an  outline  of  the  materia!  to  In-  presented  during  the  4 -hour  course,  were  pub¬ 
lished  in  War  IVpartnient  Training  Circular  Xo.  10s.  iil  September  1943. 
These  provisions  for  si>ecial  training  in  malaria  control  wen*  kept  in  effect  by 
a  subfsspient  War  Department  ciretilnr  pitblislied  in  April  1945,  at  which  time  a 
revision  of  the  training  circular  including  new  developments  in  preventive 
measures  was  also  issued."1 


Training  Aids 

Throughout  the  war,  the  Tropical  Disease  Control  unit  promoted  and 
gave  consultative  technical  assistance  in  the  preparation  of  various  training 
aids  for  the  instruction  of  (m>|ts  in  the  prevention  and  control  of  malaria  and 
other  tropical  diseases. 

Informative  material  to  serve  as  a  basis  for  lectures  on  malaria  control 
was  published  in  circular  letters  from  the  OTSG  and  in  War  Department 
training  circulars."*  Portfolios,  measuring  30  by  40  inches,  of  mounted  illus¬ 
trations  with  suggested  texts  for  the  lecturer  printed  on  the  reverse  side  were 
designed  to  assist  instructors  in  presenting  lectures  on  prevent  ion  of  tropical 
dbeases  in  such  a  maimer  that  they  could  be  understood  readily  by  troops." 

A  number  of  motion  picture  films  were  produced  under  the  auspices  of 
tlm  Army  Pictorial  Service  or  were  adapted  from  those  produced  by  other 
agencies  to  supplement  basic  instruction.  The  first  of  these  on  malaria  control 
(TF  8-953,  Malaria — Cause  and  Control) ,  issued  early  in  1943.  showed  the  life 


•Ml)  Maekle,  Thoms*  T..  llunler,  Gwrw  W.,  and  WnMtt,  C.  Brooke:  A  Manual  of  Tropical 
Medicine.  Philadelphia:  W.  It.  Sn  under*  Co,  1943.  (2)  Ku*»e)1.  Paul  t\.  West,  Luther  B.,  tad 

Mtnwdl,  Reginald  D. :  Prncticul  Malarlulng;.  Philadelphia:  W.  B.  Su  untie  ra  Co.,  1940. 

*(1)  War  Department  Circular  No.  117.  14  Apr.  1943.  (2)  War  Department  Training  Cl  mi  I  or 

Vo.  1«,  14  Apr.  1943. 

*■(1)  Circular  Letter  No.  44.  Oflce  of  The  Snrgeoii  General,  1*.S.  Army,  IS  IVb.  1943.  <2)  War 

Department  Train  I  njr  Circular  No.  10S.  iil  Kept.  194.T. 

•»  (1)  War  Department  Graphic  Training  AkJ  K-d  :  Malaria  (Graphic  Portfolio).  1944.  (2)  War 

Department  Graphic  Training  Aid  H  17:  lVnwial  Health  tGraplilc  Portfolio).  1943. 
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cycle  of  the  m;i l:i risi  parasite  :i ml  emphasized  ciivirnninciiial  control  measures. 
In  1944,  another  film  (TF  1-3543,  Malaria  Discipline),  produced  primarily 
Uinler  the  auspices  of  the  Army  Air  Forces,  stressed  individual  protective 
measnivs  and  malaria  discipline.  latter,  films  were  issued  which  |x>i1  rayed 
experiences  in  the  field  and  served  as  a  background  for  refresher  training;  for 
example : 

Miscellaneous  Film  1019,  Silent  llattle.  a  |tortrayal  <»f  Australian  Army 
experience,  with  malaria. 

Film  lhdletin  195.  DDT-  -\Voa|H>n  against  Disease,  an  account,  of  the 
development  an*  I  early  Army  list's  of  I  )1  IT  insect  icitles. 

Film  Dili  let  in  -<M).  Malaria  ( ‘oiiirnl  on  ( 'orsicti,  a  piet  art'  of  Held  application 
of  recommended  rout  ml  measures. 

Miscellaneous  Film  ItioO,  S  hislttsomiasis,  a  brief  |Mirtrayal  of  t lie  geo¬ 
graphic  distribution,  epidemiology.  clinical  as|Mvts.  ami  control  of  schisto¬ 
somiasis.  most  of  which  was  phot ogru plied  on  Ijeytc  where  this  disease,  was  a 
military  prohlein  during  the  early  stages  of  the  campaign  to  reocciipy  the 
Philippines. 

Educational  Propaganda 

lit  order  to  supplement  instruction  given  during  fonnnl  training  periods, 
advantage  was  taken  of  every  opportunity  to  issue  reminders  or  educational 
propaganda  concerning  tropical  disease  preventive  measures,  especially  those 
which  the  individual  had  to  api>ly  himself.  Various  media  were  employed  for 
this  purpose,  including  [Misters,  pamphlets,  cartoon  moving  picture  liltns,  re- 
cordings  for  hroadcasts.  signs,  and  printed  warnitigson  match  covers  and  ration 
containers.  Because  of  the  prime  military  importance  of  malaria,  most  of 
these  reminders  were  designed  to  promote  nmhirin  discipline  nnd  the  use  of 
individual  protective  measures  against  mosquitoes. 

In  the  summer  of  1945,  a  booklet  entitled  “This  is  Ann,”  prepared  by 
Maj.  Munro  Leaf  and  the  cartoonist  Theodor  S.  Giesel  (Dr.  Seuss),  was  pub¬ 
lished  atul  distributed  to  troops  proceeding  to  tropical  theaters.  The  booklet 
presented  in  humorous  style  the  essential  facts  about  malaria  and  the  protec¬ 
tive  measures  which  the  soldier  himself  should  apply  (fig.  10).  It  was  well 
received  and  widely  publicized  and  distributed.  Several  million  copies  were 
printed  before  the  end  of  the  war.  Material  from  the  booklet  also  was  printed 
on  the  back  of  oversea  news  maps  which  were  given  wide  distribution 
throughout  the  Army. 

During  the  summer  of  1943,  the  cooperation  of  the  Special  Services  Divi¬ 
sion  (later  Morale  Services  Division),  ASF,  was  secured  to  promote  an  educa¬ 
tional  propaganda  program  in  malaria  prevention  among  troops  in  the  field. 
Through  this  cooperative  effort,  15  posters,  3  cartoon  motion  picture  films,  and 
a  recording  were  produced  which  utilized  the  facilities  and  specially  qualified 
talent  of  the  Special  Services  Division.  The  posters  emphasized  personal 


;*2 


t'< I.MMI'N 10  A  Ml.  1C  X1SKASKS 


Her  full  name  is 

Anopheles  Mosquito 

and  her  trade  is  dishing 

out  Malaria 

She’s  at  home  in  Africa, 
the  Caribbean,  India, 
the  South  and  Southwest 
Pacific  and  other  Hot  Spots. 

Figure  10. — Cover  ami  opening  page  of  l>noklel  explaining  lhe  facts  about  mulnrla  anil 
Individual  measures  of  proven)  Ion. 

protective  measures  against  malaria  (lips-,  11  and  12).  Twenty-live  thousand 
copies  of  each  were  printed  and  distributed  to  the  oversea  theaters  in  malarious 
areas  early  in  1944. 

Curtonii  motion  pit-tun's  were  produced  as  part  of  the  Snafu  Series  wliieli 
was  regularly  included  in  the  Army-Navy  Screen  Magazine.  These  cartoons, 
each  with  a  running  time  of  about  4  minutes,  depicted  in  humorous  fashion 
the  difficulties  experienced  by  Private  Snafu  when  be  neglected  nmiinalaria 
precautions.  They  were  entitled  and  released  as  follows: 

“Private  Snafu  vs.  Malaria  Mike,”  released  in  Army-Navy  Screen  Maga¬ 
zine  No.  23,  March  1944,  and  later  issued  as  Miscellaneous  Film  No.  1035, 

“Target  Snafu,”  released  in  Army-Nary  S<r<>  n  Magazine  No.  3S.  (Vtnlier 
1944. 

“It’s  Murder,  She  Says,”  released  in  Army-Navy  Screen  Magazine  No.  52, 
May  1945. 

One  hundred  copies  of  a  recording  entitled  “Know  Your  Enemy- 
Malaria”  were  produced  and  distributed  in  the  spring  of  1944.  About  20 
minutes  in  length,  this  recording  was  suitable  for  broadcasting  over  local  radio 
networks  and  loudspeaker  systems  and  was  intended  for  use  in  orientation 
programs  and  for  refresher  instruction.  It  stressed  tlie  hazards  of  malaria  in 
the  tropical  theaters  and  the  individual  means  of  malaria  prevention. 

Experience  had  shown  that  short  cartoon  trailers  attached  at  the  begin¬ 
ning  of  feature  motion  pictures  shown  in  the  oversea  theaters  were  effective 
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Ficu«i  11. — AntlmalarU  jmuter. 
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Fiuube  12. — Antimalaria  poster. 


PROVISIONS  FOR  MALARIA  CONTROL 


reminders  in  promoting  malaria  discipline.  Arrangements  writ;  made  with 
tlie  Army  Pictorial  Service  for  the  production  of  ■><)  appropriate  cartoon 
trailers,  each  of  which  stressed  an  aspect  of  prisons I  measures  for  prevention 
of  malaria. 

Other  reminders  were  issued  in  the  form  of  -tickers  for  vehicle  wind¬ 
shields  displaying  antiinalaria  slogans  such  as  “Prevent.  Malaria-  Shorten  the 
War,"  and  an  admonition  to  “Stay  on  Authorized  lioads — Malaria  Mosquitoes 
Breed  in  Bond  Huts — Do  Your  Part  to  Stop  It.’’  Heininders  to  observe,  ma¬ 
laria  precautions  also  were  printed  on  ration  Im>x  containers  and  on  match¬ 
book  covers  sold  hv  Army  Post  Kxchanges. 

In  connection  with  plans  for  redeployment  in  the  Pacific,  a  series  of 
posters  on  tropical  diseases  was  prepared  in  conjunction  with  the  Health 
Education  Unit.  Kelense  was  |>ost|»oned  liecatt.se  of  the  sudden  end  of  the  war 
with  Japan.  However,  three  posters  dealing  with  schistosomiasis  and  four 
relating  to  scrub  typhus  were  issued  in  I>ecoinl>or  Other  posters  on 

plague,  lilariasis,  and  malaria  were  still  in  the  process  of  publication  til  that 
time.  The  importance  of  lienlth  education  as  a  program  separate  from 
didactic  training  in  disease  prevention  was  not  appreciated  early  enough  lim¬ 
its  value  widely  recognized.  Experience  indicated  that  the.  propaganda  phase 
of  preventive  medicine  warranted  more  thorough  and  systematic  exploitation. 

From  time  to  time,  members  of  the  staff  of  1  lie  Tropical  Disease  Control 
unit  were  called  iqion  to  lecture  at  meetings  of  various  medical  mill  public 
health  societies.  In  these  lectures,  opportunity  was  afforded  to  present  ac¬ 
counts  of  the  tropical  disease  problems  faced  by  the  Army  and  the  steps  taken 
by  The  Surgeon  General  to  meet  them.  Attendance  and  discussion  at  such 
meetings  served  as  a  valuable  liaison  lie  tween  the  Ollice  of  The  Surgeon  Gen¬ 
eral  and  the  medical  and  public  health  professions  in  the  country  at  large. 
In  addition  to  these  lectures,  members  of  the  stuff  lectured  on  numerous  occa¬ 
sions  at  Army  training  centers  including  the  Army  Medirnl  School;  the  Medi¬ 
cal  Field  Service  School,  Carlisle  Barracks;  the  I'nit  Training  Center,  Camp 
Blanche:  and  the  Schools  of  Military  Government  at  Clin rlottsvi lie,  Va.,  and 
New  Haven,  Conn. 

PRECAUTIONS  AGAINST  THE  INTRODUCTION  OF  TROPICAL 
DISEASES  INTO  THE  UNITED  STATES 

General  Policies 

As  the  zones  of  military  operations  were  extended  and  large  numbers 
of  men  were  deployed  in  tropical  regions,  it  became  apparent  that  the  possible 
introduction  of  exotic  diseases  into  this  country  by  returning  service  personnel 
would  be  a  serious  problem.  At  tlie  request  of  the  armed  services,  this  matter 
was  considered  at  n  meeting  of  the  Sulx-ommittec  on  Tropical  Diseases  in 
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January  :iml  a  report.  of  its  rreoiuuiciidutions  was  cimilalril  to  repre¬ 

sentatives  of  the  armed  services  in  March  1!>43.'S  As  then  visualized,  the.  risks 
especially  to  be  guarded  against  were : 

1.  Introduction  of  diseases  not  then  existent  i’l  the  United  States. 

2.  Introduction  of  new  strains  or  types  of  disease  organisms  which  might 
be  more  dangerous  i  halt  those  already  in  the  country. 

3.  Admission  of  large  liumliers  of  |k“1soiis  infected  with  diseases  then 
existent  in  the  United  States,  with  the  result  of  wider  distribution  and  in¬ 
creased  incidence. 

4.  Introduction  of  the  vectors  of  certain  diseases  wltieli  wen*  presumably 
then  alisent  localise  of  the  lack  of  those  vectors. 

The  recommendations  contained  in  this  re|>ort  were  discussed  at  confer¬ 
ences  of  representatives  of  the  Army.  Navy,  and  l‘.S.  Public  Health  Service 
held  in  the  OTSfi  on  13  and  21  April.  At  the  latter  conference,  agreement 
was  reached  regarding  general  recommendations  on  the  introduction  of  tropi¬ 
cal  diseases  into  the  United  States  and  also  specific  recommendations  on  certain 
diseases  which  presented  the  greatest  military  problem;  namely,  malaria, 
filariasis.  and  schistosomiasis.”  In  substance,  it  was  decided  that:  (1)  control 
of  the  mosquito  vectors  in  known  endemic  areas  in  the  United  States  was  the 
most,  practical  solution  to  the  problem  of  preventing  (Hist war  malaria  epi¬ 
demics;  (2)  the  presence  of  microfilariae  in  the  blood  without  symptoms 
should  not  warrant  restriction  of  tlie  location  or  movement  of  infected  per¬ 
sons  in  this  country;  and  (3)  studies  should  lie  undertaken  to  determine 
whether  local  species  of  snails  could  act  as  vectors  of  schistosomiasis  and  to 
develop  more  satisfactory  drugs  for  treatment. 

The  recommendations  made  at  this  conference  were  adopted  by  the  Sub¬ 
committee  on  Tropical  Diseases  in  July  1P43  nnd  served  ns  tlie  basis  for  Army 
policy.  Questions  on  measures  to  prevent  the  introduction  of  disense  vectors 
into  the  United  States  were  handled  by  tlie  Interdepartmental  Quarantine 
Commission  of  the  Army,  Navy,  and  the  U.S.  Public  Health  Service.  Sub¬ 
sequent  conferences  of  representatives  of  the  Army,  Navy,  and  the  U.S.  Public 
Health  Service  to  discuss  problems  in  connection  with  the  introduction  of 
exotic  diseases  were  held  on  13  Mareli  1044  nnd  on  8  June  11I4.V  Although  a 
number  of  additional  recommendations  were  made,  chiefly  to  encourage  better 
diagnosis  and  reporting  of  tropical  diseases  by  civilinn  agencies,  no  important 
changes  affecting  the  policies  of  the  armed  services  were  adopted. 


"  (1)  Minute*,  Thirteenth  Mating.  Subcommittee  on  Tropical  Disease*.  Committee  on  Medical 
Rexeareh,  National  Reaearch  Connell,  12  Jan.  1943.  <2>  Minnie*.  Fourteen Ih  Meeting.  Subcommittee 

on  Tropical  Dlaeasea,  Committee  do  Medical  Research,  National  Research  Council,  20  Jnljr  1943.  and 
Appendix  A  thereto,  dated  mJH  Apr.  1943,  subject:  <\»nfcr<*nc»-  on  Precautions  Aguluxt  the  Introduction 
of  Tropical  Disease*  toto  the  United  8tates  by  Returning  Military  Personnel. 

••See  footnote  M  (2). 
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Program  for  Returning  Soldiers  and  Prisoners  of  War 

As  more  and  more  men  returned  from  tropical  areas,  many  of  whom  were 
infected  with  malaria,  further  steps  were  taken  to  minimize  the  hazard  of 
possible  spread  of  the  disease  in  this  country.  In  June  1943,  Circular  letter 
No.  Ill,  Office  of  The  Surgeon  General,  U.S.  Army,  was  published  on  the  man¬ 
agement  of  malaria  cases;  it  emphasized  antimosquito  precautions  and  pre¬ 
scribed  thick-blood  film  examination  of  all  patients  who  had  had  recent  duty 
in  an  oversea  area  where  malaria  was  endemic.  Adequate  control  of  auopheline 
mosquitoes  was  maintained  at  military  installations,  including  hospitals, 
throughout  the  country.  In  accordance  with  the  agreement  lietween  the  Secre¬ 
tary  of  War  and  the  Federal  Security  Administrator,  the  U.S.  Public  Health 
Service  carried  out  mosquito  control,  when  needed,  in  extramilitary  zones  ad¬ 
jacent  to  reservations.  This  program  was  originally  instituted  to  protect  troops 
from  acquiring  malaria  from  civilians,  but  it  also  served  equally  well  to  help 
prevent  spread  of  malaria  from  soldiers  to  civilians. 

In  the  spring  of  1943,  large  numl*rs  of  prisoners  of  war  from  the  North 
African  campaign,  many  of  whom  were  infected  with  malaria,  were  brought 
to  this  country.  The  same  antimosquito  measures  were  employed  at  prisoner- 
of-war  comps  as  at  regular  military  installations  to  prevent  possible  spread  of 
malaria  among  the  prisoners  and  to  surrounding  civilian  communities.*4  In 
the  1944  season,  the  problem  of  malaria  control  was  made  more  difficult  because 
prisoners  were  widely  dispersed  in  branch  camps  to  work  on  farms  and  other 
scattered  labor  projects.  In  camps  which  were  to  be  occupied  for  comparatively 
short  |wriods,  emphasis  was  placed  on  screening,  on  the  use  of  lied  nets,  and  on 
the  employment  of  insecticidal  sprays,  rather  than  on  drainage  nnd  larvicidnl 
programs.91 

Cooperation  With  the  U.S.  Public  Health  Service  and  State  Health  Offices 

As  the  prospect  of  demobil  ization  approached,  support  was  given  to  extend 
the  program  of  Malaria  Control  in  War  Areas,  U.S.  I'ublic  Health  Service,  to 
include  selected  locations  in  Southern  States  where  the  risk  of  transmission  was 
considered  greatest.*1  Evidence  of  the  effectiveness  of  this  coordinated  mosquito 
control  program  was  afforded  by  the  extremely  low  malaria  rate  which  prevailed 
among  troops  permanently  stationed  in  this  country  after  1941  and  also  because, 
so  far  as  was  known,  only  an  insignificant  number  of  secondary  cases  of  malaria 
were  traced  to  oversea  veterans. 

During  the  summer  of  1944,  the  number  of  malaria  relapses  occurring 
among  veterans  caused  concern  on  the  part  of  civilian  public  health  authorities. 


••Army  Service  Forets  Memorandum  No.  840-10-4.1,  10  June  1943.  I  Malaria  Among  Prisoners 
of  War.] 

91  Army  Serrlft  Foret*  Circular  No.  200.  5  July  1044. 

“Letter,  M«j.  Geo.  Norman  T.  Kirk,  Tlie  Burgeon  General,  U.S.  Army,  to  Dr.  Thomas  Parrao, 
The  Surgeon  Central,  13.8.  Public  Health  Service.  11  Oct.  1044. 
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This  w:is  innnifcxlcd  in  a  scrio  of  lellcis  In  The  .''iirgeon  (iciicral  from  .Suite 
health  officials  tiskiug  that  (lie  A nnv  furnish  the  names  ami  adilresses  of  all 
persons  discharged  from  I  lie  service,  who  had  had  malaria.  The  -|iieslion  was 
brought  lie  fore  a  meeting  of  the  SiilH-nniinilicc  on  Tropical  I )i ceases  in  Sep- 
teinlH*r.!,:!  After  discussion  hv  represent  alives  of  I  he  sen  ices  and  the  Association 
of  State  and  Territorial  Health  Officers,  a  resolution  was  adopted  to  the  effect 
that  no  essential  public  health  purpose  would  he  accomplished  l>\  rc]xn't ing  to 
civil  health  authorities  the  names  and  addresses  of  jh-i-soiis  who  had  had  malaria 
or  had  lieen  cxjKisod  to  it  during  the  course  of  their  military  experience.  The 
consensus  was  that  malaria  control  in  the  I'liiled  States  should  I >«*  based  u|h>ii 
nntiinosquito  measures  in  endemic  and  potentially  endemic  aretts  rather  than 
<i]xm  control  of  individual  cases. 

Special  Medical  Processing  for  Rein  ruing  Troops 

In  order  to  lessen  the  risk  of  jxissihle  introduction  of  tropical  infections,  a 
supplement  to  the  usual  ipinraiiline  procedures  was  adopted,  which  ivquiivd 
s|>ecisil  medical  processing  of  troops  returning  from  foreign  duty.'’1  During 
this  medical  processing,  sjxs-ial  etTort  was  to  lie  made  to  identify  and  hospitalize 
or  treat  individuals  who,  while  on  furlough,  were  likely  to  suffer  from  a  re¬ 
crudescence  of  a  chronic  infection.  es|>ccinlly  malaria  or  other  tropical  disease. 
Thick-blood  film  examinations  were  prescribed  routinely  for  those  who  hud  dis¬ 
continued  taking  suppressive  antirnaltirial  drugs  within  the  previous  00  days. 
All  jiersons  who  had  had  malaria  overseas  or  had  served  in  a  hy]torondemie 
area  and  had  had  suppressive  treatment  were  to  lx*  warned  I  lint  they  might 
suffer  a  relapse  or  an  initial  clinical  attack  while  oil  furlough.  They  were 
instructed  to  seek  prompt  niedieal  attention  and  lo  have  a  blood  eMuninniion  in 
case  of  a  febrile  illness.  This  warning  and  instruction  was  nlso  printed  in 
War  Department  Pamphlet  No.  •21-ltl,  1944.  which  was  distributed  to  soldiers 
about  to  go  on  furlough  after  oversea  service.  With  the  prospect  of  extensive 
redeployment  and  demobilization,  the  procedures  relating  to  the  medical  proc¬ 
essing  of  troops  returned  front  foreign  duty  were  later  revised  and  emphasized 
in  TB  MED  180,  published  in  July  1045. 

Another  measure  which  heljied  to  prevent  spread  of  malaria  in  civilian 
communities  was  the  policy  on  discont  inmiuee  of  malaria  suppressive  treatment 
in  returnees  which  was  established  in  November  1044 .®3  In  order  that  personnel 
who  were  still  taking  suppressive  medication  upon  arrival  in  the  United  States 
might  be  protected  from  malarial  attacks  during  travel  and  furlough  and  nlso 
to  insure  that  medication  was  given  for  at  least  4  weeks  after  lust  exposure  iu 
an  oversea  malarious  area,  it  was  ordered  that  suppressive  treatment  .should  be 

""Minute*.  Seventeenth  Meeting.  Subcommittee  on  Tropical  Diseases.  Committee  on  Medical  Re- 
*enrch,  N  ttlonal  Research  Connell,  28  Sept.  1944, 

•"War  Department  Technical  Bulletin  i.TB  MRU)  2,  3  Jan,  1044. 

M  War  Department  Circular  No.  449.  25  Nor.  1944, 


CHAPTER  III 

Experience  in  the  United  States 


Justin  M.  Andrews,  Sc.  D., 
and 

Jean  S.  Grant 

MILITARY  MOBILIZATION  IN  POTENTIALLY  MALARIOUS  AREAS 
OF  THE  UNITED  STATES 

The  prescrilied  missions  of  troo|>s  stationed  in  the  continental  United 
Stutes  of  America  are  (1)  to  protect  the  area  and  (2)  to  be  trained  for  military 
duty  at  home  nnd  abroad.  Malaria  had  been  an  im|x<Iiment  to  military  train- 
in}?  in  the  Southern  United  States  during  World  War  I.*  Il  continued  to  be 
endemic  in  certain  pails  of  this  are*  as  late  as  1910.  To  prevent  the  disease 
from  becoiuiujr  an  incapacitating  risk  to  the  fulfillment  of  these  two  objectives 
and  to  preclude  the  hazard  of  ex|M>rting  military  ]>rrsouuel  with  latent  in¬ 
fections  to  become  disease  casualties  abroad,  large-scale  snitinuihiria  operations 
were  undertaken  from  1941  to  1940  on  and  near  U.S.  Army  areas  in  the  |m>- 
tentially  malarious  sections  of  the  t-oiitinentul  Uuitetl  .States,  mainly  the  .south¬ 
east  quadrant  of  the  country.  This  region,  when1  the  climate  allowed 
year-round  outdoor  operations  was  selected  by  l»otli  the  ground  nnd  air  forces 
for  the  establishment  of  numerous  military  installations,  mostly  for  tminiii}? 
purposes.  Ir.  1942,  there  were  4!H»  such  facilities  in  the  17  States  where  it  was 
believed  that  malariu  uiijrlit  infect  t roops  ami  thereby  seriously  hamper  train¬ 
ing  programs.  The  ever-widening  spread  of  war  created  an  urgent  demand 
for  greater  numbers  of  trained  lighting  men.  In  194.'!,  90  additional  military 
posts  were  opened,  raising  the  total  number  in  these  States  to.r>89.  This  figure 
remained  virtually  the  same  in  1914  i.Vc.)  but  by  194.V,  as  a  result,  of  the 
cessation  of  hostilities,  decreased  to  .'i20.3 

There  is  a  direct  correlation  la-tween  these  figures  and  the  numbers  nf 
troops  involved.  In  1942,  approximately  2  million  men.  many  of  them  from 
non  main  rious  areas  of  the  country  and  therefore  highly  siiscept  ilile  to  infection. 


1  The  Meillrul  |fc*p(trtm**nt  of  Ihe  nil  lot  I  stilt***  Army  In  t  lw*  World  War.  f%*mmnnN**bl«*  and 
Other  Dlwfinw.  WnHjilnxiun :  17.8.  OvvemmeM  Printing  ()#«•,  11*2*,  vol.  1\.  |»|».  5I.’i  ."1ft. 

•Table  of  I  He  Dumber  of  Army  and  Air  Torre*  1  nelallall*»r»M  In  17  State*  f«r  HH2-45  In- 
duftlre.  AukuhI  11M5.  The  17  State*  were  Alutnma.  Arkniwny  <‘allf<«rnlu.  Florida,  Kentucky. 

MlMwlHwlfi|  I,  KNMitirl.  New  Union,  North  Cnrollmi.  Oklnhomu.  Smilh  Ciirollna,  Tenurttsi'e. 
Texap»  and  Virginia. 
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were  assigned  to  these  | Mists  ami  ( raining  centers.  In  1013.  the  iiiiiiiImt  was  3.0 
million.5  This  figure  does  not  show  i  nr  rely  the  assignment  of  additional  troops 
but  probably  imlicates  almost  a  eomplele  replacement  of  men  who  had  finished 
training  and  were  then  in  combat  zones,  liv  10(4,  the  jieak  iieriotl  of  training 
had  passed,  and  the  manlier  of  military  |iersonnel  in  the  malarious  regions 
had  declined  to  2.S  million  and  by  1015  showed  a  further  re«li|c*i'»i  lo  1.9 
million.1 

MALARIA  INCIDENCE  IN  THE  UNITED  STATES  BEFORE 
WORLD  WAR  11 

The  last  rise  of  malaria  prevalence  in  this  country  to  epidemic  pro|M>rtious 
occurred  in  the  midthirties  (chart  3)  probably  as  a  direct  eths-t  of  the  de¬ 
pression.  Living  standards  deteriorated  in  most  rural  areas  where  malaria  is 
traditionally  focused.  As  a  result,  those  antimalaria  defenses  normally  snp- 
|Kirted  by  householders  ( screening,  drugs,  insecticides)  were  relaxed.  This 
outbreak  constituted  essential  evidence  on  which  was  IkiscO  the  theory  of 
cyclical  increases  in  the  incidence  of  paludisiu  in  the  United  States.'-  The  fact 
that  brief  periods  of  high  cndeinieiiy  accompanied  by  scattered  epidemics  oc- 
curretl  historically  in  the  United  States  at  intervals  of  from  5  to  7  years  had  been 
noted ;  from  this  it  was  predicted  that  malaria  prevalence  would  ngnin  reach 
a  peak  sometime  near  11141  or  1042.  though  it  was  not  exjiected  that  this  increase 
would  lie  as  important  as  its  predecessors.  I n  the  lirst  place,  no  further  de¬ 
pression  was  anticipate!  which  would  paralyze  resistance  to  such  an  outbreak. 
Secondly,  the  direction  of  overall  malaria  incidence,  ''Deluding  epidemic  years, 
had  lieen  steadily  downward  ever  since  the  last  ipiarter  of  ihe  l!Hh  century,  and 
malariologists  were  not  aware  of  any  unusual  circumstances  which  might, 
reverse  this  trend. 

Malaria,  which  at  one  time  had  been  highly  prevalent  over  a  large  |iortion 
of  this  country,  had  been  concentrated  since  1012  in  the  southeastern  quadrant. 
Tlie  total  area  involved  receded  and  e.x|mndrd  with  tlie  rises  and  falls  in  in¬ 
cidence  of  tlie  disease  until  1032  when  it  reached  its  minimal  extent  (maps  1, 
2,  3,  and  4  (redrawn  from  Williams  I*  I*,  dr.:  Tlie  Anti-Malaria  Program  in 
North  America.  In  A  Symposium  on  Human  Malaria.  Washington:  Ameri¬ 
can  Association  for  the  Advancement  of  Science,  1011,  p.  3tW»)).  From  that 
time  until  1040,  it  remained  at  varying  intensities  in  the  snme  portions  of  the 


•Streaffth  of  CONUS  Army  Installation*  and  Arllvllle*.  I  M2  43.  Prepared  for  W«r  Depart  ami 
0«rnl  Staff  by  Machine  HrtA.nl*  Branch.  Oflcr  of  the  Adjutant  Uenernl,  under  direction  of  Sta* 
tlatlcnl  Branch. 

4  Blrtifth  nf  the  Arna.r,  11M4-4.*,  Pre|Mnrrd  for  War  !**|wrt ment  General  Staff  by  Machine  Rec¬ 
ord!  Branch.  Otlee  «f  the  Adjntnnt  General,  under  direction  of  Statistical  Branch. 

*<1)  Wllltaau.  L.  L.,  Jr.:  The  Anti  Malaria  Pmrram  In  North  Anrrin.  7a  A  ftynpmtlra  »l 
Hvnra  Malaria  Waahlaaton :  Aaarrlmn  A^N’Intlnii  f«»e  the  Adrancemcnt  of  Science.  IM1.  pp. 
**3-370.  (2)  Kaunt,  XL  C. :  Clinical  and  Public  Health  A*i*rct*  of  Mulnrla  la  the  United  Stale*  Proa* 

n  Historical  perxpectlre.  An  J.  Trop.  Med.  23:  I  **3-21)1.  M;i>  IMA 


KXl'KUIti.M'K  IX  I'NlTKIi  STATKS 


03 


t’liAKi  .'J.  \htt  bvlilfi  and  wu’hilitfi  rah  *  /«»/’  malaria  .a  all  shth  *  n  purlin?/  cast/t'  and 
tftulh*,  iUia  In  fjijfi,  hirlasin. 

I  Kali*  •>\|ir»«*4*<l  .is*  UIIIIiImt  of  i'.‘i *r*  ain)  iiuiiiInt  of  dm  I  It*.  |*«t  |.<hh»,imh(  ii>ai  |mt  aimiiiu] 


RATE 


1  Inrludf!*  all  States  ami  the  District  of  Columbia  which  niKjrtnl  cases  or  deaths  darter  the  re¬ 
spective  >cnrn. 

•Data  oa  eft aet  from  "The  Notifiable  IHhcii *♦**.”  and  tin  I  a  on  ikuths  from  "Vital  StatMlcs  «f  the 
Vailed  States,"  National  OIBce  of  Vital  Statistics.  V.8.  Public  Health  Serrlee. 

Source:  Communicable  Disease  Center.  V.S.  Public  Health  Service,  Allanta,  On. 


same  States.  It  was  in  those  regions  tliai  many  military  anti  tlcfensc  establish¬ 
ments  wore  loco?--:!  v. i.en  i lie  I’nitetl  Slates  put  its  World  War  II  defense 
program  into  effect. 

Becai.se  for  the  most  part  it  is  |hi— .ilde  to  maintain  regular  I  mining  ojieru- 
tions  in  these  areas  throughout  the  year,  the  seasonal  distribution  of  malaria 
was  impoitant  only  as  it  related  to  malaria  control  planning.  In  Georgia,  lor 
instance,  a  typical  malarious  State  Indore  World  War  II.  the  greatest  uumlier 
of  cases  was  re|iorted  from  July  through  Xovcmler  while  deaths  occurred 
chiefly  from  August  tlirough  DcvniWr.'1  This  parallelism  in  (rend  ami  lag  in 

4  Andrew*.  Ju*tl%  d.  :  (aener.w  (’iniitldfrntlttH!'  In  Planning  M:il:irii  tVnfml.  In  A  Sym|»*»|tim 
•ft  llunat  Malaria.  Washington:  American  A*«ttcliitl«>li  for  the  AdrafitvBti  itt  *>f  S«b*in*c,  1041.  pp. 


Map  2.— Arens  of  the  continental  I'nitml  Stairs  l»-liiwil  In  !«•  mititirlixis  Id  1912. 
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.'lap  I — Arras  nt  tlip  eontlnonlal  I’liileil  Si  atm  Mlcml  to  tie  malarious  in  licit  .V>. 


6fi 


rnmtt  \tc  Attu-:  iusi:asks 


l lie  rise  inul  decline  in  t lie  uuinUrs  of  deaths  as  compared  in  cases  was  typical 
of  reported  malaria  in  the  -nuilicm  I'liitcd  Slates.  While  the  mortality  ami 
morbidity  report  ing  of  this  disease  have  I  teen  notoriously  inaccurate.  esperitilly 
U'fon*  lIMt),  those.  res|>oi>»ilde  for  the  prevention  ami  eonlrol  of  malaria  have 
had  to  rely  on  them,  together  with  the  findings  of  sperial  Held  surveys  and 
diagnost io  laljonitoncs,  ;is  guides  for  operations.  Tims,  during  the  war  years 
extrncnntoniiicutal  and  iut raenntoiueutal  malaria  control  activities  were  based 
on  thistypeof  information. 

The  emleinic  areas  of  the  United  Stall's  have  a  climate  rnmpatihle  with 
tin*  occurrence  of  ljot.li  falcijiarum  and  virus  malaria,  though  at  higher  tein- 
|  tern  l tires  the  former  flourishes  somewhat  more  exnljerantly  than  does  cirus 
infection.  While  tpiarlan  malaria  has  I  sum  encountered  occasionally  in  this 
country,  it  has  never  contributed  significantly  to  morbidity  and  mortality. 

Tin*  ratio  ltetvcen  the  nutnltcr  of  cast's  ami  the  mnnU>r  of  deaths  resulting 
from  paludism  is  determined  hy  the  type  of  psirasilc  involved.  Ib'ccj*  malaria 
is  e.xtivmely  debilitating  to  its  victim  and  makes  him  liable  to  secondary  infre- 
t ions  which  may  prove  fatal,  hat  it  is  not  generally  a  primary  cans**  of  death.’ 
On  the  other  hand,  untreated  falciparum  malaria  lends  to  fulminate  rapidly 
and  frequently  kills  its  host  directly.  Tims,  generally  shaking,  wherever 
there  is  a  high  |iro|Hirtion  of  falciparum  infection,  death  tales  front  m-darin 
will  ho  high:  conversely,  when  this  pro|>ortion  is  low.  malaria  death  rates  arc 
low.  This  factor  ap|tears  to  have  iniitii Tested  some  intluenee  on  cyclic  epidemic 
malaria  in  this  country.  Muring  the  hist  ttf  tliese  outbreaks  there  wits  a 
greater  proportional  increase  in  the  prevalence  of  falri/mrum  malaria  than  of 
virus  malaria,  .lodging  hv  tin*  sharp  rises  in  mortality  during  previous  epi¬ 
demics,  the  same  dominating  role  of  falciparum  parasitism  may  have  liecti  in 
operation. 

Another  factor  which  modified  the  occnrremaj  of  malaria  in  this  nat  ion  was 
racial  differences  in  susceptibility.  Our  white  natives  an*  readily  infectihle 
with  all  types  of  malaria  parasites.  On  the  other  hand,  the  Negro  is  relatively 
refractory  to  virus  malaria  hut  can  la*  a  great  reservoir  of  falciparum  in  feet  ion 
in  the  South.  Furthermore,  the  easier  access  of  nnophelines  to  the  |tnorly 
constructed  ami  maintained  homes  of  utility  of  the  Negroes  increased  the  num¬ 
bers  of  their  new  infections,  and  the  geneni)  mm va liability  of  adequate  treat¬ 
ment,  prolonged  tlieir  parasitemias.  Thus,  the  location  of  military  camps  in 
the  Southeast,  where  the  adjacent  Negro  imputation  frequently  oiitiimnlicred 
the  white,  could  have  n*siilted  in  an  enhanced  exposure  of  training  troops  to 
the  more  deadly  type  of  malaria,  unless  active  measures  had  Itceti  taken  to 
forestall  it. 

Both  vivas  and  falciparum  infectious  are  more  prevalent  during  the  warm 
seasons  of  the  year  than  in  the  winter.  In  areas  where  they  coexist,  the  pat¬ 
ient  of  Plaxmodium  falciparum  incidence  is  tin*  simpler  of  the  two.  It  makes 

?  Kaujtf.  K.  (*  :  Malaria  lnrlik'iH**'  In  \««rlU  .\in«rlni.  /n  M  »  1m  rl<  •!••?>.  h>  Mark  K.  Itfjd. 

1‘blln  dolphin  W  |l  Mum 1%...  !!•*?«.  »..l  |.  | .)« 
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its  appeal**! i ico  in  tin*  spring  anil  increases  very  slowly.  When  wnrin  weather 
arrives,  the  rate  accelerates  ami  a.  sudden  peak  is  at luiiiotl  in  the  late  summer 
or  fall.  In  comparison,  the  Plasmodium  vivax  cycle  is  more  complex  in  that 
it  usually  shows  two  separate  increases  during  a  season.  The  greater  of  these 
increases  may  coincide  with  or  slightly  precede  llinl  of  P.  ftdd  parwn.  The 
lesser  one  manifests  itself  as  a  rule  in  the  late,  winter  or  early  spring  months. 
These  vernal  attacks  are  either  relapses  of  iufeeiioiis  contracted  and  exhibited 
during  the  previous  summer  and  fall,  or  represent  primary  onsets  occurring 
after  overwinter  incubation.'  This  latter  characteristic  has  lieeu  found  to  be 
typical  of  TenijHUitte  Zone  st  rains  of  vivax  malaria." 

During  World  War  I,  mosquito  control  <>|>era tions  were  carried  on  within 
military  reservations  by  the  Army,  and  around  camps,  recreation  a  mas,  and 
war  industrial  plants  in  malarious  regions  by  the  I'.S.  Public  Health  Service 
to  protect  military  t  ra  i  nets  :i  ml  civilian  war  industry  workers.  Some  ijsl.l’.IO.OOO 
wen*  s|M*nt  by  military  authorities  oil  drainage  and  oiling  during  1!>18  and 
UUP.1"  No  riH'ords  aiv  available  to  show  jtist  ltow  mncli  of  the  $2  million 
appropriated  by  Congress  to  the  V.S.  Public  Health  Service  for  e.vtmcnnton- 
meutal  sanitation  was  used  for  malaria,  control — nor  of  the  additional  funds, 
lalmr,  and  materials,  contributed  by  the  American  lied  Cross,  railroads,  State 
and  county  benltli  departments  and,  in  some  instances,  by  cities — but  the  total 
must  have  been  considerable." 

In  spile  of  these  expenditures,  10,510  admissions  for  malaria  were  reported 
among  Zone  of  Interior  troops  from  April  1017  through  December  1010,  in¬ 
volving  a  loss  of  l.'iu, 073  training  days.11  This  experience  emphasized  the 
necessity  for  devising  more  economical  methods  of  uiulnria  prevention.  There¬ 
fore,  studies  on  rural  malaria  control  technology  were  continued  after  World 
War  I.  and  ch«i|ier  temporary  measures  such  as  screening  and  larv tciding  were 
demonstrated  and  promoted  in  the  veins  following.  Parasitologic  and  entomo- 
logic  studies  were  resumed  by  the  U.S.  Public  Health  Service  and  State  health 
depart  incuts.  In  1031,  the  Bureau  of  Kiitomology  in  the  U.S.  Department  of 
Agriculture  established  the  Orlando  laboratory  in  Florida  for  the  study  of 
insects  affecting  man ;  this  led  to  productive  research  in  the  entomology  of 
malaria.  Improvements  in  malaria  reductive  techniques  included  the  tlem- 

•  Burs.  M.  K. :  KpIdrMloliiffr  «t  MntsrU  :  Factor*  RrlTtrd  lo  the  lmmecdUit#  In  Si- 

larlolu*?.  ftlltrd  by  Mark  F.  Boyd.  Philadelphia  :  W.  B.  Rnuatlrr*  Co.,  19-19,  vol.  It  pp.  531-00?. 

*  ilk  de  Mink.  A.;  Horn*  Hrxiill*  «f  Mix  Vwirt*'  Mouqtilht  Infrrthui  Work.  Ah.  J.  Hjx  24:  1-18, 

July  1  'J.'Jfi.  i*JI  Cnataey.  O,  K  .  C«»oper.  W.  C.,  Kube.  It  Y»utis.  M.  I».,  and  Burirw,  R.  W, *.  RIiiOIm 
la  Unman  Malaria.  Will.  The  Ufe  Patton*  of  H|Mirn/nltf  Imlnrrd  81,  KUuhrth  strain  Vtvms 
Malaria.  Ah.  J,  Ilyr.  31  :  200-213.  March  1030.  (31  My  In*.  A.  8.,  Arnold.  J.  and  RAltumn,  I).  H, : 

RIdIuk  of  Primaquine.  1.  Man  Therapy  of  Subrllnlcal  Vir«/  Mslurln  with  Primaquine.  J  A  M  A. 
HP:  1838-1302.  23  Aug  1932 

MThe  Mrdlrnl  Department  of  the  United  StalM  Army  In  the  World  War.  MiinltaOon.  Wash* 
Infloa:  (imrrnnrnt  Printing  Ofllce,  1920.  vol.  VI.  p.  IV'I'J. 

u  Annual  He|mrt.  Murgeon  fiencrnl  «*f  the  Public  Health  Serefe**  of  the  United  Stater  Waxhlftjr- 
ton  :  Government  Prln  I  Inc  Ofllce.  1919. 

“The  Medical  Department  of  llte  Pulled  Stntr*  Army  In  Ihe  World  War.  8tatl*tlc*.  Waah* 
1  acton  :  Government  Prinilnc  OAcc.  1923.  vol  XV.  pi.  2.  pp  s*  and  213. 
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oust  ration  of  paris  given  as  an  auophrliim  larvii-itle.1 :  Tin*  extensive  use  i»f 
this  substance  brought  alxml  more  rlfectivi1  ami  r lira  per  methods  of  applica¬ 
tion,  including  |  lower  dust  met  from  trucks,  Itouts,  anil  airplanes.  In  1023,  the 
Rockefeller  Fonmlalion  <i|k>iiciI  a  malaria  research  si  a  non  in  sonlli  timrgia 
from  wliirli  rami'  many  hash-  cniil  ril  oil  intis  ami  where  I  hr  majority  of  i  lie  mu¬ 
st  a  ml  in  o  ilia  lari nl odists  of  i  his  general  ion  wei  r  i  rained." 

A  not  her  postwar  ilcvelopniem  destined  to  licrtiiiir  of  great  significance 
was  the  ntili/atioii  of  a  traditional  rompmirnt  of  insert -killing  ihisls.  pyrr- 
I h rii n i,  in  kerosene  as  a  spray.1-  This  was  ini induced  in  I'.il'.i  Ian  did  not 
become  popular  as  a  household  insecticide  until  a  Unit  10  years  later. 

Quinine  had  long  lieen  taken  prophylactieally  by  the  residents  of  highly 
endemic  areas  to  reduce  the  symptoms  of  malaria."  but  it  could  not  lie  de¬ 
pended  ll|>oii  to  rlfer t  radieal  cures.  While  it  may  liavr  interfered  to  some 
decree  with  malaria  transmission,  it  is  doubtful  that  it  ever  did  so  to  any 
major  extent .  Ala  brine  was  introduced  in  l  lie  early  I  Id  ft  ies  ami  was  pr<a  iptly 
tested  in  soinli  Georgia  with  rmtsiderable  success:  17  indeed,  iis  intensive  use 
may  have  iiiodilicd  the  distribution  ill  fithifnirmn  malaria  in  the  South. 

Since,  its  rrealioii  in  It):!:!  for  the  development  of  the  Tennessee  River 
svstein.  the  Trnnesstv  Valley  Authority  has  Iieen  interested  in  malaria  nni- 
irol.  The  studies  and  o|N'raiious  of  llie  lleallli  and  Safety  1  >e pnrtnieut  of  the 
Tennessee  Valley  Authority  have  resulted  not  only  in  signilirani  reductions 
in  tho  malaria  mid  nnoplieliiie  prohlrms  in  this  region  but  have  prov  ided  the 
basis  for  improveil  water  management  priueiples  and  pnavdinvs  which  can 
be  applied  wherever  water  is  iiii|Hiiuided  in  |M»lenlially  malarious  n rens.1' 

During  the  depression  years  and  up  to  World  War  II.  Federal  relief  or- 
gani/alimis  (the  Federal  Civil  Works  Aduiiiiistral ion  and  Feileral  Emergency 
Relief  Adininist ration  established  in  1!>33  and  llie  Works  Progress  Admin- 
istratiou  ill  15)35)  supplied  manpower  for  malaria  control  pin*|M)ses.  A 
tremendous  amount  of  drainage  was  nrrnmphshed  ill  rough  these  piojects.  It 
has  beim  estimated  that  the  combined  relief  programs  involved  a  daily  average 
of  211,000  men  for  fi.5  years  working  on  iiinluriu  control  drainage  in  an  aver¬ 
age  of  250  comities,1*  In  the  10  southeastern  Stntes.  33.t<55  miles  of  ditrliex 
were  dug  eliminating  544,414  acres  of  auopheliitv  breeding  area. 

“Barter,  M.  A.  ami  11.ivnr.  T.  B. :  An*«*nlc  as  a  L.irrlcldf  for  AnopWIne  Urrue.  Pub.  Heal  I  h 
Hep.  36:  3027-3034.  I>  l»er.  1021. 

14  Kiiswell.  Puiil  K„  Wesl.  bilhrr  8.,  and  Man  welt.  Kerinnlil  l»  :  I'rarllcHl  Muliirlology.  I'blln 
delphln  :  W.  B.  Suiii»«l«-r<.  i'«,  lJMi*. 

Ib  ( i  mid  In  err,  <\  H. :  |'>r«*lhnim  Flowers.  Minneapolis:  Mo1.ji  ojrlilln  Gurmlty  Kin*  Co.,  lies::. 

w  Andrew*.  J  M.  :  WhiM’*  llnp|M>4i{iitf  to  Malaria  In  tin*  C.M.A.7  Am.  J.  1’iih.  Ilral  lb  3* : 
031  042.  July  ISi4v 

i: Srrklnifrr.  M.  I*.:  Alubrlhr  und  lii»ttiM-li1n  In  Ibr  Trralraeel  and  Conlnd  «>f  Mnlarla.  Am  J. 
Tro|».  .M***l.  13:  631  fill*.  Nnumlwr  1J43.Y 

Jl*  Krdrrul  S**tnrll>  Am- nry,  I’M.  I'uhllr  llmtih  SiTtlre.  and  Tennessee  Valley  AnlhorUy.  llaitllh 
ami  Safely  lk|Mirltn«  iM  Miilurln  > 'toil ml  on  lii<|»>nml»-«l  W;i)«*r.  Wn-hltitMon  :  I  S.  (i»wnini<'id  l*rlnl 
Ins  (IBre.  I1M7. 

*»M«»  fnotnole  5  lit,  |».  >*2. 
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The  S< K-in  1  Security  Act  passed  in  1!W5  and  it*  extension  in  I !»■!'.*  provided 
for  malum  survey  ami  control  personnel  to  be  added  to  State  limit  It  depart¬ 
ments  unil  for  till  increase  in  the  ninnlier  of  local  lietiltli  tlepartinenls  through 
which  tiutimaluria  activities  could  U>  |  not  noted  and  administered.'"'  This 
stimulated  the  interest  of  Stales  and  counties  in  malaria  control  which,  with 
o|M>rational  assistance  from  the  Works  Progress  Administration  (renamed 
Work  Projects  Administration  on  1  July  t!>3),  ndvaiteed  environmental 
malaria  control  until  late  I’JIl.  It  was  from  these  malaria  survey  and  control 
teams  in  States  that  the  Armed  Forces  were  to  draw  so  heavily  for  their 
own  units. 

CIVILIAN  RESERVOIR  OF  INFECTION 

The  civil iii it  imputation  which  constituted  the  reservoir  in  the  south¬ 
eastern  I'liited  States  from  which  military  iiersomiel  were  liahle  to  infection 
was  made  up  of  n iiderpriv itemed  iiiliahiiants— white  and  Xegro— of  rural 
areas.  For  the  most  part  they  were  tenant  fanners,  slot recm|>|>ers,  or  hired 
farm  laborers.  Jinny  were  undernourished  and  chronically  ailing  from  sec¬ 
ondary  anemias  due  to  their  limited  diet  but  frequently  cmnponmled  by  ma¬ 
laria  and,  in  sandy  coastal  ureas,  by  heavy  hookworm  infestation.  Medical 
rare  was  scantily  available  and  lieyotid  the  financial  reach  of  many  of  these 
families,  so  these  defects  were  rarely  corrected. 

The  principal  forms  of  recreation  of  these  |  ample  were  sitting;  out  in  front 
of  their  homes  in  the  hot  summer  evenings,  Ashing  at  night,  tml  an  occasioiial 
stx-iablc  wltieli  brought  groii|«s  of  all  a  ires  together  after  dark  at  country 
cluirches  or  schoollionses.  All  these  pastitues  jXTtnitteil  free  e\|)osiire  to  mos¬ 
quitoes.  Xor  were  these  people  much  I  letter  protected  when  they  were  within 
their  own  homes,  for  these  structures  were  rude,  ramshackle  hovels,  iiiiscrccued 
and  with  gaping  holes  in  floors,  sidewalls,  and  roofs,  providing  easy  access 
by  nocturnally  active,  hlood-hmijrry  uuoplielittes.  Thus,  malaria  was  con¬ 
tinuously  maintained  in  this  population  iii  levels  which  were  notably  lower 
than  those  which  laid  prevailed  during  previous  jreiicr.it inns  but  which  in 
many  localities  were  still  musiderable.  This  was  evidenced  by  high  indices 
of  Mood  parasitism  anil  splemintegaly  ninong  school  children.21 

The  construction  and  o|ierution  of  military  training  cnni|>s  offered  lucra¬ 
tive  opportunities  of  which  many  of  these  |>eople  hastened  to  take  advantage. 
In  numerous  instances,  they  relocated  their  families  near  military  installations, 
thus  bringing  miliaria  intrasite  carriers  into  proximal  relaiionship  to  military 
trainees.  Added  to  this  was  the  s|»ecitil  risk  of  troops  during  maneuvers,  night 

**  ill  P»Mlf  Law  271.  74lh  Ci*nr.  1*t  I2>  l*»l»ll«*  Ij»W  IS7H.  7«th  I'nue..  M 
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exercises,  guard  duty  at  night,  and  other  details  and  activities  entailing  ex¬ 
posure  to  a uo |>lie lines  after  dark.  It  is  truly  remarkable  that  more  cases  of 
malaria  did  not  develop  among  the  military  |M>pnlation.  It  seems  reasonable 
to  supiMise  hat  malaria  would  have  been  much  more  prevalent  among  the 
trainees  hat.  not  effective  measures  l»een  taken  to  minimize  this  hazard. 

MOSQUTO  VECTORS 

On  the  basis  of  experimental  in  feet  i  hi  li  tv,  oliserved  infection  in  nature, 
human-blood  feeding  habits,  and  epidemiological  correlation  with  the  occur¬ 
rence  of  human  malaria,  I  wo  species  of  mosquitoes  have  lieen  shown  to  be  the 
principal  and  jwssibly  the  only  transmitters  of  inahirin  in  the  United  States. 
These  aro  Anopheles  quadrimaeulatus  Say  (fig.  1.1)  found  in  the  eastern  and 
southern  regions  of  this  country  and  Anopheles  freebomi  Aitken  (fig.  14) 
found  west  of  the  Rocky  Mountains  (map  r»>.  A  third  species,  Anopheles 
albimunus  Wiedemann,  an  iuqiortunt  transmitter  of  malaria  in  the  Caribbean 
area,  has  been  found  in  the  lower  Rio  (iramle  Valley  of  Texas  and  rarely  in 
southern  Florida.  However,  since  none  of  this  sjieeies  has  lieeii  found  natu- 
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rnlly  in  feet  ml  mill  since  .1.  i/iiiiilrinit'rnlnliix  occurs  in  litrjje  innnliers  in  the 
snine  sirens.  .1.  itlhiuumux  is  nut  considered  a  iiniliiriii  vis-tor  of  niiv  ronsei|iieiipe 
in  I  lie  I'niied  States.- 

There  are  certain  clnirarleristirs  of  these  two  iiii|Mirtnnt  s|n-eies  of  tim>|iln“- 
lines  which  are  of  significance  ill  phiimiug  malaria  control  |inijrriiiiis.  .1. 

mill  .1.  i  rechorui  niv  |»ri uni ri I y  fresh  witter  hrenlers  mill  are 
finniil  more  often  in  the  elnni.  still,  slijrhtlv  alknliiie  waters  of  (icrnimietit  or 
setni|>ertiiiiiietit  jmols  or  |>nnils  where  siirfiire-interseri  injr  vegetal  ion  or  iimni- 
innte  Hotnjre  is  ahnmlitnl.  in  the  larvitl  inienilmhitiit,  .1.  ijuiulrimiirulotu*  is 
iism irinteil  predominantly  with  mixed  sunshine  mill  simile  or  “hroken  shade" 
anil  .1.  frrihoiit!  with  o|ieii  stmlit  water  stirfinvs.  linlli  s|ieeies  run  tolerate 
cotisiiletiilile  variation  in  mill  de|iartnre  from  o|itim:il  lijrlit  values  when  the 
other eenlofrie  faetors  favor  oviposit ion  ami  larval  development.  Tims,  throne'll  - 
out  the  southeastern  ITtiteil  States,  .1.  thrives  in  large  anil 

small  art  itieinl  iin|Niiniilnients.  marginal  river  swamps.  wet  lime  sinks,  mnl 
flooded  rirelielils. 

1-J  A’ltlrewn,  Justin  M. :  M.iltirlii  t4«»ntr»*l  In  1  !»«■  li<*i:li.ii.  /*  Mniariitlojr.v.  |*v  Mark 

F.  tlm;  <1.  t’hlta  tl<-l  pit  Iti  :  W.  It.  S.hiimIits  iv,  liH!».  \i*I.  II.  |*|«  1 


a:: 


COMMI  NK  Vlll.i:  DISEASES 


Cl 


Map  ,V  ttpogrmtlilc  distribution  of  time  s|iecies  »f  aiH>|>heliiies  associated  with  malaria 
transmission  ill  the  cuiitineiitul  I'ulted  Staten. 


Ill  tho  western  I’nitecl  States,  .1.  fitrboitu  is  often  associated  with  irriga- 
t  ion,  lieiug  found  in  the  seepage  or  overflow  water  front  such  systems  or  in  their 
neglected  grass-grown  ditches.  Like  .1.  t/tnrd rinumilulnx.  this  s|>ecies  flourishes 
in  ricetields  and  borrow  pits  lint,  unlike  its  eastern  cimnterpart.  shows  a  pro¬ 
pensity  for  temporary  breeding  plstees  such  ns  waler-liokrnigtiiiiiiial  hoof  prints 
and  vehicle  ruts.  It  etm  adapt  itself  successfully  to  brackish  water  (salinity 
equal  to  15  | invent  sea  water),  where  its  distribut  ion  ea ivies  it  to  roustal  zones, 
and  also  to  highly  mineralized  desert  (tools.  The  larvae  of  liotli  species,  in 
common  with  those  of  all  other  mosquitoes,  are  eagerly  sought  hy  the  top  min¬ 
now,  (iumbuxiu  afffnix.  Under  optimal  conditions,  the  aquatic  stages  require  at 
least  10  days  for  their  development. 

The  tulnllsof  these  two  species  also  have  similar  haliits.  Precipitin  tests  of 
the  stomach  contents  of  females  of  both  s|»ecies  indicate  a  high  pro|>ortion  of 
Iwvine  hlood,  with  equine,  ]>orcine,  and  human  ap|>ea ring  in  decreasing  amounts. 
Kven  though  these  mosquitoes  are  the  neaivtic  anopliclines  most  fond  of  hiiniait 
blood,  these  tests  reveal  that  they  prefer  cattle  liosts. 

During  the  transmission  season,  Imtli  .1.  yiWriwucu/it/n »  and  .1.  fniJimiii 
enter  homes  without  hesitation  anil  test  in  I  lie  darkest  corners  and  nooks  in  the 
day  and  emerge  nt  night  to  feed;  even  larger  iiiunlicrs  of  them  choose  slaldes 
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and  other  a  ilium  1  shelters.-1  .1.  qwuhimwutiifiM  also  gather  in  tree  holes,  in 
eaves,  and  under  bridges mid  culverts. 

Although  lioth  species  overwinter  in  the  adult  stage.  their  habits  in  this 
|)eriod  vary  somewhat.  The  frit ill  zed  .1,  i/uuilniiiiiriiluliix  females  retire  in  the 
lull  to  dark  sheltered  >|>ots.  such  as  minrrii|>ied  buildings,  hasemeiils.  root 
cellars,  tree  holes,  and  similar  locations,  usually  in  close  proximity  to  breeding 
places,  where  they  remain  relatively  inactive.  On  the  other  hand,  during  the 
fall  and  winter  months,  .1.  hi  thorni  females  convert  their  hlood  meals  to  fat 
h<  sly  rather  than  to  eggs.  A  ft  or  null  mg.  they  migratr  for  Ions'  distances.  some¬ 
times  ns  far  as  lit  to  lg  miles  from  breeding  aivas.  and  seek  shelter  in  outbuild¬ 
ings,  houses,  cellars,  eaves,  and  under  bridge-,  without  regard  to  I  he  presence  of 
Ilian  or  other  animals.  Throughout  the  winter  months,  they  manifest  consider- 
iible  activity,  moving  alionf  and  changing  from  one  ia*sl ing  place,  to  another. 
During  this  |ieriod  of  semihiheriiation.  these  mos«piitoes  an*  prone  to  hite  man 
in  warm  buildings  or  even  to  attack  him  in  the  open  on  warm  evenings.  In 
February,  the  females  emerge,  bite  viciously  in  full  daylight,  and  continue  their 
fall  migration.  This  spring  emergence  and  distribution  (light  is  said  to  cover 
distances,  as  great  as  the  fall  migration,  lint  in  a  shorter  |teriod.  At  this  time 
their  eggs  develop,  egg  layingoreursin  IkiiIi  favorahleand  unfavorable  breeding 
places,  and  within  •!  or  :>  weeks  all  the  a- lull  females  disii|i|M*ar  and  only  the 
larval  stages  a  it  found.  Within  approximately  a  month,  the  lirst  brood  of 
adults  for  the  new  season  np|*cars. 

The  effective  (light  rung's  of  ImiiIi  species  are  usually  considered  to  I* 
n  I  Mint  one  mile,  hut  it  is  known  that  longer  (lights  occur  occasionally. 

DEVELOPMENT  OF  MILITARY  MALARIA  CONTROL  PLAN 
AND  POLICY 

The  onthivak  of  hostilities  in  Kuro|>c  in  1  iEll>  set  the  F’.S.  defense  program 
into  motion.  The  Pivsidcnt  declared  a  limited  national  emergency,  and  the 
Congivss  passed  the  Selective  Training  ami  Service  Act  in  Hy  tin*  end  of 

1  lift  I,  the  t  milling  of  t  roopshad  liegun.and  indust  rial  plants  werclieiiigeuhirged 
or  constructed  to  produce  tlie  neeessary  materiel  to  supply  not  only  oitr  own 
needs  Imt  also  those  of  our  future  allies.  Many  munitions  plants,  airplane 
factories,  and  shipyards  wcit  erected  in  the  South  where  lioth  spnec  and  man¬ 
power  were  readily  nvnilable.  Army  ]misI.s  and  tin  iuing  centers  were  established 
also  in  this  region  where  climatic  condil  ions  favored  the  year-round  <i|>enit ions 
necessary  to  our  all-out  defense  preparation  effort.  As  a  result  of  these  ac¬ 
tivities,  large  iiumliers  of  individuals — lmtli  military  and  civilian— were  intro¬ 
duced  from  oi  I  -r  )iarts  of  the  United  States  into  these  areas  where  miliaria  was 
historically  endemic.  These  new  on|iortiiuities  for  employment  cut.  heavily 
into  the  numliers  of  men  on  Work  Projects  Administration  (formerly  Works 

Fru'lNirii.  Mltitiln  IV  ;  m-*  «f  (In*  Nenri  ih1  Itfulun.  ftt  Malarl<»ft««i:y.  hi  Murk  F. 
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Progress  Adiniltisl  rat  ion  )  rosters.  Thus,  colli  ml  1 1 Ini n ; I <r* •  projects 

previously  iii:iinu'<|  hy  tins  organization  lapcml  off  rapidly. 

On  military  pni|»ci1.y,  Army  ;inili»rit ie.»  operated  malaria  control  :n*t ivi- 
ties,  lint  limy  were  not  authorized  to  extend  tlmsc  to  adjacent  civilian  estab¬ 
lishments  iiml  domains  certain  to  lie  nst*«l  hy  trainees,  nor  to  innlertiike  I Item 
on  ami  alioiit  the  areas  wlierc  defense  industries  essential  to  the  future  war 
effort  -e<>n>  located.  Kxpcrienced  State  malaria  rout  ml  ami  survey  teams  were 
lieing  'awn  upon  heavily  for  stalling  the  Army  malaria  control  organization, 
so  ilia,  slate  health  depart  mints  wen*  nimble  10  assume  this  n'S|ninsihility. 

Fortunately.  arrangements  had  already  liccn  effected  through  an  inter- 
el  nnifie  of  I'onmmiiieal  ions  early  in  lie!  weeo  I  lie  Secretary  of  \Vn  r  and  I  lie 
Federal  Security  Administrator  whereby  the  I  *.S.  Public  Health  Service, 
iqierai  ing  under  the  uuiliiirity  of  existing  laws  and  using  its  own  reninices,  was 
to  eoo|H*rale  with  the  Army  “in  siifrpiarilinj'  the  health  of  military  |iersonnel 
l>v  suitahle  measures  of  ext miiiilitarv  aim  sanitation  in  eiinnecl ion  with  the 
present  concent  rat  ion  of  troops  in  the  South."-1  This  had  lieen  develo|ied 
initially  to  help  check  the  inn  vast's  in  venereal  diseases  acquired  hy  soldiers 
from  civilians.  For  this  pin*|Misc,  during  or  sliortly  after  Novemlicr  l!*4tl, 
liaison  |>crsonnel  had  lieen  detaileil  hy  the  l'.S.  Public  lien  It  li  Service  liteiteh 

Corps  Aiva  Headquarters  to  effect  o|M‘rational  . .  lietweeu  military  and 

civilian  health  authorities  during  maneuvers.  This  provision  was  quickly 
extended  to  include  ext racantonmental  zones.1'-  The  existing  authority  was 
broad  enough  to  carry  on  cxtrninilitiiry  malaria  root  ml  activities  under  the 
same  auspices,  and  hi  it  was  pni|>osed  originally  to  o]n>rate  malaria  mosquito 
control  projects  around  camps  through  then*  liaison  officers,  the  State  health 
departments,  tin*  Work  Projects  Administration,  and  the  district  offices  of  the 
l’.S.  PnMie.  Health  Service. 

Kxperience  during  15*41,  however,  proved  the  infensibility  of  this  proee- 
ilnre.  and,  in  early  1!>4'J,  the  Army  requested  information  colieeniing  future 
plans  of  the  l’.S.  Pnlilie  Health  Service  regarding  ext  rainilitary  mosquito  con¬ 
trol  activities.**  Shortly  thereafter,  the  l'.S.  Pnlilie  Health  Servin'  activated 
a  special  organization  known  ultimately  sis  the  Office  of  Malaria  Control  in 
War  Areas,  generally  referred  to  ns  the  ‘•.MCWA.1’  to  direct  anil  rnonlinsite  the 
efforts  of  Feilernl,  State,  nnd  local  health  agencies  near  military  establishments 
and  to  help  integrate  on  sin  area  basis  (lie  malaria  mosquito  control  activities 
of  military  and  civilian  workers. 


■"*  Thr  Swndurf  iif  War.  In  l*unl  V.  McNutt.  Atlnlnlulritlur.  IVdrrnl  Ajf^nr.v.  .TO 

Jan.  1040.  nnd  ivply  ih**r«'l<i,  li  FH».  1940. 

i,aLHt«*r.  Tin*  Adjutant  <i«*nrml,  War  l*|MirtR»«>nt.  I*«  Ihr  Commandlnr  Grnrral,  Ktairtk  Cnrp* 
Area.  Atlanta,  On.,  4  May  1910,  xnbjfet :  Ktleiislun  nf  Pnscnl  L'llllxatltin  of  lh<«  I*. ft,  Pnhllr  llrallh 
S**rrlcr. 

**  l«**ltrr.  lli’nr.v  |,.  SiInomiii.  S«*rrrlary  nf  War.  In  I ‘tin  I  V.  MrVntt,  Admin  Nlrn  tor.  Petlmtl  R«*- 
rnrMy  Ac**im*v.  li  FVh  1942.  nnd  r»*|il.v  Ihrrrtn,  li  Krb,  1942. 

**  Kxtra  Military  /on**  flrrnlur  l#ller  No.  7.  Snrjfwui  t;**ii»*riil.  t’.S.  PiihMe  llcaltli  S«»rvh*#».  KmI- 
i»r:il  Swtirlly  Agmn-y.  t»  MNtrlct  IHrtflnnt.  1\S.  I ‘iridic  llfnlrb  l.itilstn  Oltlierx.  and  Ht.if**  Health 
<»lll<erH  coiurriHHl.  lo  Ki*b.  1942,  subjwt  .  TIk*  l*idl«\v  ami  Ofitfral  |t>  (iovern  >h**  i>|***r.ill<>n 

i»'  1  br  Malaria  M<>st|i)l|u  (Vnlrol  Program. 
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Tims.  twi>  ivlutcd  but  se|uirnti>ly  ndmiiiif'lered  programs  (if  insect  control 
were  curried  on  in  tbc  I'nited  Suites  to  protect  the  health  of  military  ]*erstnui**l 
mill  tv  nr  industry  employees  in  World  \V;ir  II.  The  liisl  program  wiis  di¬ 
rected.  executed,  mill  linnnced  bv  tlir  Army  on  Army  pro|*»rty.  It  was  aimed 
at  reducing  the  iimulier  of  nil  |iestiferuus  insect!* — whether  or  not  they  trulls* 
milted  n i n In rin  or  any  oilier  disease — ns  the  Army  hits  always  recognixcd  the 
important  role  of  all  insect  |iests  in  dectvHsing  tlie  morale,  comfort,  and  ef- 
licieney  of  l  It  sips.-'  It  is  not  |iossih]e  therefore  to  identify  from  existing 
recortls  the  volume  of  work  done  nor  money  sjieiit  by  the  Army  for  iiinliirin 
mosquito  control  alone. 

Tlie  second  program  was  direclttl  and  coordinated  hy  tlie  I'.S.  Public 
Health  Service  and  executed  bv  ‘bis  organization  with  the  itdlnUirution  of 
State  and  local  liealtb  dc|mrt incuts.  It  was  snp|K>rted  by  funds  appropriated 
for  “Emergency  liealtb  and  Sanitation  Activities'"  -’*  anil  was  designed  solely 
to  prevent  miilnrin  transmission  on  civilian  pro|>erty  lists  I  by  military  personnel 
audi-ivilinn  war  industry  workers. 

MALARIA  CONTROL  ACTIVITIES  WITHIN  MILITARY  AREAS 

Tlie  sttiry  of  iiitnuuilitary  malaria  (tint ml  activities  within  the  Zone  of 
Interior  is  related  in  otlier  chapters  of  this  history.’*  It  is  tlie  purpose  of  this 
section  to  supplement  that  information  where  possible,  to  indicate  the  magni¬ 
tude  of  tlie  total  accomplishments,  and  to  estimate  tlie  probable  im|mrt  of 
these  events  on  the  prevalence,  control,  and  prevention  of  peludism  in  this 
country  during  peacetime  ami  in  future  wars.  In  this  connection,  it  is  impor¬ 
tant  to  recall  tliat  it  was  during  World  War  II  that  advances  were  made  in 
antivector  malaria  control  technology  which  were  prohaWy  of  greater  con¬ 
sequence  than  any  otlier  preventive  information  developed  since  Ross  solved 
the  mystery  of  malaria  transmission  just  liefore  tlie  turn  of  tlie  century.  Time 
improvements  changed  tlie  emphasis  in  type  of  antimalaria  activity  within  and 
beyond  military  reservations  from  1M0  to  ami  this,  in  turn,  resulted  in  a 
shift  in  the  {wnfesMona]  direction  of  antianopbeline  and  other  insect  control 
operations  on  military  establishments  during  and  after  World  War  IT.  The 
near  procedures,  first  practiced  by  the  Army,  led  to  an  enlargement  of  the 

«  AratJ  Bmlatlaw  Xu.  H  m.  SI  Ikt.  IMS. 
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civilian  objectives  of  uiulnrin  coiiti-ol  from  im-uniph'tc  reduction  of  morbidity 
in  limited  arcus  to  total  eradication  of  the  disease  from  large  ones. 

llanlenbergli 11  iv|x,rted  that  the  »rgiimznti:>iiii)  ivs|<onsil»ility  in  tlie  Army 
for  the  control  of  insects,  including;  tiiio|>he)ine  mosquitoes,  was  not  clearly 
defined  in  1640  and  that  it  underwent  siiitstantial  evolution  during  the  early 
years  of  defense  preparation  arid  iiemal  engagement.  in  World  War  Jl.  To 
recapitulate  briefly,  the  probability  of  inaluriu  incapacitating  training  troo]>s 
in  southern  canijis  was  recognised  in  1640  within  the  Preventive  Medicine  Sub 
division,  Professional  Service  !  livisinii,  Office  of  The  Surgeon  (lenerul,  l*.S. 
Army.  Immediate  res{M>usihility  for  planning,  organizing,  stuffing,  and  iinanc- 
iug  uiulnrin  mosquito  control  was  assumed  by  the  Sanitary  Engineering  Piri- 
sion  of  that  Servhe  as  it  was  evident  that  the  (Quartermaster  (\»r|>s,  tradition¬ 
ally  liable  for  such  activities,  would  lie  unprepared  to  rope  with  an  anoplteline 
reduction  program  of  such  unprecedented  magnitude  by  tlie  time  operations 
should  lie  commenced  in  11141  in  order  to  protect  tm»]>s  ipiartered  that  summer 
in  southern  cani|«s.  Tims,  for  the  laihiiiee  of  liseal  year  11141,  the  malaria 
mosquito  coot  ml  operations  in  the  contineiila)  United  Stales  were  financed  by 
tlie  Medical  Department  and  executed  under  tlie  innitedinte  direction  of  the 
Medical  IVpartmem  |>ersonnel  (limp  l>).  On  1  duly  1141,  tlie  nominal  work 
responsibility  was  resinned,  and  the  program  was  financed  by  (lie  Quartermaster 
Corps,  though  tlie  activities  were  actually  directed  for  the  rest  of  tlie  mosquito 
season  by  the  Medical  De|iartiiieiit. 

On  1  December  1641,  responsibility  for  tlie  entire  Army  construction,  main¬ 
tenance,  and  repiir — including  insect  and  rodent  emit  ml — was  transferred  by 
law”  from  tlie  Quartermaster  Corps  to  tlie  Corps  of  Engineers.  Tlie  conti¬ 
nental  mosquito  control  program  was  taken  over  by  the  Corps  of  Engineers 
on  16  December  1641  and  was  operated  by  tliem  tlierrnfter  in  accordance  with 
iheir  provisions"  and  the  recommendations  of  tlie  Medical  Department,  and 
umler  inch  Medical  Department  technical  guidance  as  was  necesMty."  Until 
1  July  1646,  these  activities  which  included  budgeting  funds,  authorising  post 
engineers  to  employ  supervisors,  foremen,  and  laborers  for  tlie  execution  of 
control  measures,  and  supplying  specialised  equipment  and  materials  for  use 
by  tlie  Corps  of  Engineers  were  nominally  supervised  and  coordinated  in  tha 
Repairs  and  Utilities  Division  of  tiie  Oiv  of  tlie  Chief  of  Engineers."  The 
Sanitary  Engineering  Division  of  the  Preventive  Medicine  Service,  Surgeon 
General's  Office,  continued,  however,  to  |»rovide  much  professional  guidance 
and  direction  Service  Command  engineers  consolidated  estimates  of  mos¬ 
quito  control  corfs  submitted  from  ramps  and  posts  and  exercised  general 
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coordination  of  the  work.  Thin  included  drainage,  filling,  ditch  lining  and 
stabilisation,  clearing,  cleaning,  and  lanrriding  with  oil,  pari*  green,  and  other 
chemical*  (fig.  IS).  Poet  engineers  directed  these  operation*  and  made  esti¬ 
mate*  of  future  costs  with  the  assistance  of  Sanitary  Corps  engineer*  ami 
entomologist*  assigned  to  most  of  tlie  military  installation*  in  tlie  *)Hith. 
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Willi  sill  the  insert  cont it >1  stiniiniioii  itr<-ouiplislicd  during  tin*  curly  wars 
of  (lie  war  clfori,  it  might  I**  assumed  that  flic  continental  iiialm'ia  hazard  on 
military  nrcns  would  have  diminished  lo  n  negligible  level.  However,  (lie 
rotation  home  of  Iron)*;  from  iniilnrioiis  a  reus  overseas  nod  the  iiii|M>rtntiou  of 
prisoners  of  war  mid  lidsir  Initiations  fiinu  endemic  areas  abroad  resulted  in 
the  frequent,  almost  rmit  unions.  intnMlnetion  on  or  near  Army  insinuations  in 
tlie  Zone  of  Interior  of  clinically  obvious  cases  of  niithirin  and  undoubtedly 
many  more  asymptomatic  carriers  of  malaria  |Hirasiti“  It  was  proved  ex]x>ri- 
nteii tally  by  l\S.  Public  Health  Service  scientists  that  the  native  nnoplieline 
vectors  in  this  country  weiv.  infcotible  with  and  could  transmit  extracoatinental 
strains  of  iiuihiria  organisms.™  Thus,  it  was  necessary  until  the  end  of  the 
war  to  uinintuia  constant,  vigilance  to  discover  previously  unknown  sources 
of  nuophelistn  and  lo  evaluate  nqieatedly  the  results  of  anliinosiiiiito  efforts 
(mup  V).  This  required  eeologic  knowledge  of  these  insects,  lievond  that  )s>s- 
scssed  by  most  engineers,  and  a  more  thorough  and  extended  familiarity  with 
the  terrain  of  camps  than  could  1h*  develojied  by  Sanitary  Corjis  entomologists 
if  detailed  to  these  camps  for  brief  |>eriods. 

By  July  1, 1943,  the  program  had  become  so  large  and  technically  exacting 
that  nn  Insect  and  Kodent  Control  Section  was  organized  in  the  Re|niirs  and 
Utilities  Division,  Office  of  the  Thief  of  Engineers,  and  placed  under  tlie  direc¬ 
tion  of  an  experienced  entomologist.  Lt.  (later  Lt.  Col.)  W.  Doyle  Reed, 
SnC,  was  detailed  to  duty  with  the  Corps  of  Engineers  to  fill  this  position, 
ami  Capt.  (later  Maj.)  fieorpe  1).  Jones,  SnC,  was  assigned  as  his  assistant. 
The  establishment  of  Insect,  and  Rodent  Control  Sections  in  tlie  offices  of  Serv¬ 
ice  Command  engineers  was  also  authorised  together  with  tlie  ap|M>intment  of 
technically  trained  professional  entomologists.  This  had  the  advantage  of 
providing  competence  not  only  against  vector  and  first  iferous  insects  hut  also 
against  property-destroying  species  of  arthropods  with  which  the  engineers 
were  now  ,4 digest  to  deal.  The  dut  ies  of  the  Service  Command  entomologists, 
as  fur  ns  mosquito  control  was  concerned,  weir  to  promote  and  coordinate 
time  activities  at  post  level,”  to  assist  post  engineers  in  planning  and  executing 
these  operations,  to  pre|iarr  field  instructions  concerning  t Item,  to  review  insect 
control  budget  estimates  made  by  fiost  engineers  for  installation  commanders, 
and  to  maintain  liaison  between  the  Corps  of  Engineer*  ami  the  Medical 
Department,  the  Quartermaster  Corps,  ami  the  I'X  PuMic  Health  Service 
with  reference  lo  mosquito  root  rol  plans  and  activities.  Post  engineers  were 
authorized  to  hire  civilian  labor  who  executed  all  mosquito  control  activities 
on  (rnsts,  except  where  Medical  Department  units  were  stationed  for  mosquito 
control  training  purpose*.  This  was  all  done  in  compliance  with  Medical 
IVpnrtment  recommendations  and  requirements. 

**  ViHffWt.  JJ.  ll.,  U.  K.,  mm4  H.  W. :  MHIm  m  llalffrlai :  Kralaallaa  at 
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Mar  7.— Loratloa  «C  Anar  InaUIlatiooa  lu  the  continental  Halted  Ware*,  where  metwjulto  control  worV  wax  carried  out  In  1945. 
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flame  !«.— Kn»|w<n-k-»yi»  sprrjrr  ilmlnpN  bjr  the  Carps  ot  Enhww  Air  anrijrtaK 
i>milri<!rx  for  knetpdto  netioL 


Developmental  work  was  conducted  in  cooperation  with  the  Engineer 
Board,  Fort  Belvoir,  Y»..  for  the  improvement  of  equipment  used  in  the  dis¬ 
persal  of  insecticides.  A  new  ft-galton  knajtsack  sprayer  was  developetl  to 
replace  lie  old  .V  gallon  ly|e  (tig.  I#).  Improvements  were  also  made  in 
mechanical  liigh-pressure  sprayers  (Kg.  17)  and  in  the  rotary,  hand-operated 
dusters  supplied  by  (lie  C'oqis of  Engineers  for  mosquito  control. 
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Fncn  17. — Portable  itowrr  sprayer,  gmm> line  enirine  driven,  skid  mounted,  for  abdication 
of  IneecdckJe*  for  moaquito  eoatroL 


Table  8  summarises  the  intramilitary  mosquito  rautnt)  work  accomplish¬ 
ments  and  costs  for  the  .">  fiscal  years  for  which  data  are  available.  During 
this  period,  approximately  70  percent  of  the  funds  bwlgeted  for  insect  and 
rodent  control  were  spent  for  mosquito  reduction.  These  expenditures,  amount¬ 
ing  to  $11,534^35,  v.-erc  made  at  military  poets,  camps,  and  stations,  totaling 
in  an*  some  13,71)8,136  acres.  Of  these,  approximately  1,104,855  acres  were 
improved  anti  maintained  grjunds  where  about  55  percent  of  the  total  outlay 
was  made  for  permanent  mosquito  control  measures.  The  remaining  area 
(11,5934283  acres),  consisting  largely  of  rough  terrain,  reeeired  temporary 
treatment,  such  a*  larviciding  and  residual  spraying. 

In  addition  to  setting  forth  the  substantial  dimensions  of  the  total  enter¬ 
prise,  table  0  shows  that  the  antimosquito  efforts  changed  materially  in  cliar- 
acter  and  emphasis  from  1  July  1943,  with  a  decided  shift  away  from  heavy 
physical  and  costly  operations  aimed  at  destroying  mosquito  breeding  areas 
by  dewatering  them.  Much  of  I  lie  decrease  in  drainage,  filling,  and  related 
activities  was  undoubtedly  due  to  tlx*  fact  that  less  remained  to  be  done  after 
1  July  1913  liecnuse  of  previous  accomplishments.  It  is  lielieved,  however,  that 
this  sharp  reduction  also  reflects  more  careful  and  conservative  technical  dis¬ 
crimination,  bused  uisni  entomologic  considerations,  in  selecting  for  ditching 
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»  Tho  ‘*e\pm«limrv**’  for  lv«'  I?  quoted  from  MaMetiltrrgh  (MetMail  Dfjwliw  i, United  Stat«  Army.  J*revcntiv« 
Medicine  tii  World  W*rli.  Volume  II.  PitvIrorutMtilul  llyvtono.  WnAlnyton:  U.K  Omwnmffii  rrtattac (Mfet,  Mft, 
p.  IW).  U  is  pot! whir  that  ulxmi  7u  percent  t4  this  fHiire  rrprw«nted  funds  •bUgslcd  In  fecal  yaw  1MI  for  unitarhUa  mid 
iKirrhsim  tfcHvmd  sffsr *)  June  l»tl_ 

Smm.il  ll*  April  M»yt  and  June  Motvimlo  Reports  Hw  4th  ami  mh  Carps  Arena  for  fecal  year  Itfll.  Other  Corps 
Arm  reports  were  nut  svHikt.fr .  Imt  it  Is  behoved  that  they  wouM  not  have  Imtmsed  the  totals  shotna  by  mom  thou  ah 
percent.  (1)  Monthly  Mas|nho  Control  Activities  Reports  for  feral  years  IMM&,  eslwrted  eml  consolidated  by  14. 
CaL  W.  Doyle  hwl,  Ant*,  im  Memorandum'  CM.  Robert  J.  Carpenter,  NC,  Rumtive  ORnr,  Offet  of  The  hs|ws 
timers),  V.8.  Anuy,  fur  Chief  U  Fnfineers.  ASF.  )3  Mar.  Ifh,  *ul$rrt:  Smrrr  Material  far  Mslsrto  Central  Utstery, 
and  ceply  lltrmo,  April  IMA,  tubfoct.  Malaria  Control  tlletory— WerM  War  11— Carps  of  Knftnren. 


or  filling  only  tin**  watered  areas  which  were  actually  producing  mosquitoes 
and  the  elimination  of  projects  which  coukl  not  properly  be  financed  by  mos¬ 
quito  control  funds.  A  Surgeon  General’s  Oftce  directive  to  this  effect  had 
been  issued  in  11)45. 

Another  factor  of  importance  in  the  shift  of  emphasis  from  fiscal  year 
1943  to  fiscal  year  1944  was  tlw  advent  of  DDT.  The  effectiveness  of  this  new 
and  potent  weapon  against  mosquitoes  and  numerous  other  vector  and  pestif¬ 
erous  arthropods  was  verified  in  the  Orlando  Laboratory  of  the  UA  Depart¬ 
ment  of  Agriculture.  This  remarkable  compound  became  available  in  quantity 
for  military  use  in  the  spring  of  1944  and  was  effective  either  as  a  larvicide 
or  as  a  residual  insecticide.  It  could  be  dispersed  by  manually  operated  spray¬ 
ers,  mechanized  spraying,  or  fogging  equifunent,  or  from  airplanes  (fig.  18). 
Howcrer  DDT  was  applied,  its  distribution  to  secure  maximum  effectiveness 
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Fic.i  «r  IS.— Htearroan  biplane  iiipiying  DI>T  to  control  amipheiinpa  over  Smttrart,  Ark, 

Army  Air  Haw. 


without  tinning  mg  consequences  to  wildlife  required  a  fairly  coiiiprcliensive 
biological  understanding,  thus  justifying  further  tlie  entomologic  direction  of 
the  insect-  contiol  activities  within  the  continental  United  States.  Within  a 
brief  |M‘riod,  residual  1>1)T  (fig.  10)  decreased  (lie  necessity  for  and  took  tlie 
place  of  ninny  other  mosquito  control  measures.  The  demonstration  of  its  un¬ 
precedented  antianoplieline  effectiveness  upon  miliary  premises  during  the  last 
2  yeais  of  the  war  led  to  its  employment  in  HMft  in  the  Extended  Malaria 
Control  Program  which  was  later  phased  into  the  National  Malaria  Eradica¬ 
tion  Program  carried  on  cooperatively  by  tlie  UA  Public  Health  Service  and 
Tuvious  State  health  departments.’® 

Table  6  oW>  indicates  that  diesel  oil  remained  the  preferred  larvicide,  pre¬ 
sumably  because  of  its  destructive  effect  against  both  culicine  and  anopheline 
larvae  and  pupae,  as  well  as  its  easy  visibility  on  water  which  facilitates  check¬ 
ing  its  recent  application.  Its  use  decreased  slightly  from  year  to  year  but  not 
in  pro|<ortion  to  tlie  amount  o i  water  surface  eliminated.  Thus,  it  is  evident 

■  Aa4mr«,  J.  II.:  XnHmi-WW*  Malaria  EraOkatlaa  Prnjw*  la  thr  Aarrlaii.  I.  TW  KraOI- 
eatiaa  Pra*Tnw  la  tlw  F.S.A.  J.  Xa«  Malaria  «*.  10:  OO-UI.  Jaae  IBM. 
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that  •  considerable  extent  of  breeding  area  remained  which  could  not  be  drained 
or  filled  practicably.  Faria  green  and  other  larricidee  (except  diesel  oil  and 
DDT)  were  virtually  discarded  after  the  entomologists  were  placed  in  clintge 
of  insect  control  activities. 

That  tliese  activities,  supplemented  by  the  17.S.  Public  Health  Service 
Malaria  Control  in  War  Areas  program,  were  succeesful  from  the  standpoint 
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of  |>iv wining  iniilsirin  is  shown  in  tin*  following  (silmlntiou  !»v  (1)  the  low 
levels  of  nihnissioii  rates  tor  ninliiriii  among  iniliiarv  ix'is.innel  (jimrieivd 
in  the  United  States,  anil  lit)  eimipiirisoii  with  similar  admission  rates  <l:iring 
World  War  I: 


Tear: 

1017  _  _ _ _ _ 

1018  . . . - _ _ _ _  .. 

1010 . . . . . 

nut . . .  . . 

1042  . .  .  . . 

1843. . .  . . . . . 

1844 _ _ _ _ - . - 

1043  _ _ _ - . 


Kith- 1 

“"..I 
*:t.  a 
”3.  a 
*1.7 
*.o 
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>Tk,  rates  ulioan  in  lie'  lalxila tloo  are  nut  llmltiil  to  koapltal  nw«  «nl.v.  Tliey  mu>  Ineliiilr 
iiws  i rra um!  In  <|ilnrt«'r»  on  nn  oxcnstMi  from  duly  (mikIh  »nd  pvrhapn  mtiue  treated  on  mu  out* 

l*n  f  i#nt  basin. 

*  Rat**  ar<*  for  m«*n  only. 

3F«»r  lt»]7  II#,  llir  rate*  art  for  vhlic  rallstnl  »rn  stalluntil  In  ronfln«>ntal  1‘nltrtl  Staion  fln- 
rliMltuir  AhiHktti  tinri  sh«a  th*  tuimh-r  of  wm  cane*  of  naalnrla  rvportvd  an  tlw  primary  cauw  of  nd- 
■Isslun  is*r  j.ikm  Nvsrap1  strsncth.  Th*  rafts  for  all  Army  ivranaiirl  In  mntlatatal  I’nlfetl  State* 
«trt  ».»  (*«•)•>  »*  tl:*-  rut  for  whim  cull*t**d  *M-n 1  la  ISIS  and  3.3  In  IMS  per  1,000  irrnr 
flr-ngtli.  For  1»17,  u  id  w  Pur  rate  1*  nut  available  :  however,  for  all  entlnted  men.  the  rate  wan  7.5 
(luintaa  the  rat»-  fit  ,  hlt<*  e«Ui*t«  il  *un). 

*For  1S4I-45.  the  n»t»*«  are  for  all  Army  personnel  in  coatlnenial  United  Staten  ami  rhow  the 
•atari*  at  lark  ral»*  inKialala  of  new  readnaUalonn.  and  canes  r*|M>rtUtf  naliria  U  He 

•••alary  to  other  «di  itmtoii  dlngntm^)  per  1.000  averajce  Ptrrnftk. 

Source ;  Th*-  rale*  for  1017-10  wer*?  derived  from  the  annaal  reports  of  The  Karfeon  General. 
The  rates  for  1041  vren  derhod  from  tl.e  periodic  mintinafift*  of  the  Mtattsltcal  Health  Kepurt* 
t  previsions!  >,  1941-45. 


MALARIA  CONTROL  ACTIVITIES  AROUND  MILITARY  AREAS  *• 

Because  malaria  was  the  greatest  menace  to  military  training  in  the  south¬ 
eastern  section  of  the  country,  the  Surgeon  General  of  the  UA  Public  Health 
Service  assigned  his  chief  nmlariologist,  Medical  Director  Col.  Louis  L.  Wil¬ 
liams,  Jr.,  to  the  liaison  detail  with  the  Fourth  Corps  Area  Headquarters, 
Atlanta,  Ga.,  on  13  November  1940.  Dr.  Williams  served  m  this  capacity  for 
over  a  year  assisting  State  health  departments,  Corps  Area  personnel,  and  The 
Surgeon  General's  Oflw,  TLS.  Army,**  in  planning  and  executing  malaria  con¬ 
trol  projects  on  and  near  military  bases.  He  was  relieved  9  February  1942  and 
ordered  “to  remain  in  Atlanta,  Georgia,  to  establish  headquarters  in  connec¬ 
tion  with  malaria  control.”  After  serious  deliberation  as  to  whether  this 
mission  might  best  be  fulfilled  through  existing  FA  Public  Health  Service 
District  Others  or  by  a  special,  nationwide  organisation,  the  decision  was  made 


»S»«H  u  utharslae  MlalO.  all  A»ta  la  tv  rinlalt  partiM  at  the  OtS»  are  4rftrp4 
(pm  IV  fatlawtec  (In,  (11  Materia  Caatraf  la  War  Arran,  1N1R  la  S— air  a*  iu 

t. Title*  IMS— M.  DfSca  at  Malaria  Cuatral  la  War  A  rra,.  Atlaata,  P.S.  PaMkr  Bealtk  Serilrr.  (*) 
1X4  Hallman.  Malaria  Caatral  la  War  Area*.  Ortahar  KMi-Sepwkrr  IMS.  (*)  Orcaalaatloa  Sr- 
Sort  la  lira  «r  Mnatklr  Kepart.  Malaria  Caatral  la  War  Arasa,  HirckJiar  IMS,  re.  1-*. 

"  Seeart,  I-t.  Cal.  W.  A.  Harden  hrrrh.  HaC.  to  Chief,  Prtraatirr  Medleia*  SoMIrlnloe  Prate*. 
rtuaal  Bertie*  WvMoa  Of*ce  «f  TV  Sursrna  Orarral,  aadatrd.  aakjeet :  Sr  part  at  Trip  silk  Dr.  L. 
L.  Win  last  la  BUI,  aat  laaal  Baaltk  neper*  ateata  aa4  Caapa  la  raartk  ul  D(Uk  Cnrpa  Arm. 
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for  (lie  latter,  mid  I)r.  Williams  proceeded  with  the  difficult  task  of  iixHciiiiiltng 
and  organizing  a  malaria  control  staff. 

The  proponed  plant,  policies,  and  procedures  of  this  organization  were 
announced  in  two  of  tlie  Extra  Military  Zone  Circular  Letters,  a  special  series 
of  communications  issued  by  The  Surgeon  General  for  the  guidance  and  co¬ 
ordination  of  U.S.  l*uhlic  Health  Service  liaison  Officers  ami  District  Direc¬ 
tors,  State  health  officers,  tltc  Work  Projects  Administration,  and  otlier  con¬ 
cerned  in  the  reduction  of  extroinililiiry  lienlih  hazards.  Tlie  lirst.  of  the  letters 
pertaining  to  the  Atlanta  malaria  control  headquarters  was  relaxed  on  10 
Fet>ruary  1042."  This  refers  to  tlie  organization  as  tlie  ‘•National  Di'fense 
Malaria  Control  Activities,”  thongli  current  letterliends  show  that  “Mnlnrin 
Control  in  Defense  Areas”  was  tlie  name  actually  in  use.  On  20  April  1042,  this 
name  was  changed  officially  “in  conformity  with  tlie  trends  of  the  times'* 
to  “Malaria  Control  in  War  Areas,”41  and  the  Circular  Letter  of  27  April 
1042, 41  which  supersede!]  its  predecessor,  confirms  tlie  designation  l>y  which  tlie 
organization  was  snlnequently  known. 

This  document  stated  that  extramilitary  malaria  control  activities  would 
be  confined  to  malarious  arras;  that  pest  mosquito  control  would  not  be  under¬ 
taken  as  stipulated  by  the  Itureau  of  tlie  Budget;  and  that  appropriated  funds 
would  be  available  to  employ  labor  directly,  to  purchase  equipment  and  sup¬ 
plies,  to  provide  technical  supervision  of  drainage  jirojects  oj>r rated  by  the 
Work  Projects  Administration,  ami  to  construct  essential  drainage  facilities 
where  the  reaourcee  of  the  Work  Projects  Administration  were  insufficient. 
Operations  ware  to  be  restricted  to  areas  (1)  contiguous  to  military  establish¬ 
ments  or  essential  war  industries,  (2)  where  large  numbers  of  military  person¬ 
nel  congregated,  and  (3)  within  or  near  housing  developments  for  war  workers. 
It  specified  the  States,  Territories,  and  Possession*  in  which  these  activities 
would  be  authorised.  It  indicated  that  the  Office  of  Malaria  Control  in  War 
Areas  would  function  aa  an  individual  unit  separate  from  the  other  Emergency 
Health  and  Sanitation  Activities  of  the  UA  Public  Health  Service  and  that  its 
authority  would  he  exercised  and  its  responsibility  discharged  in  collaboration 
with  tha  UA  Public  Health  Service  District  Offices.  Every  effort  was  to  be 
mads  to  secure  and  utilise  funds  and  other  resources  through  Stats  and  local 
■ffiwrim,  Lastly,  it  defined  the  respective  roles,  relative  to  malaria  control,  of 
its  Hndpuitm  Office,  the  Diatrict  Offices,  and  the  cooperating  State  health 
dqmrtamata.  The  wnportaat  principles  embodied  in  them  ddlnkioas  were: 

L  State  health  departminta  would  perform  the  neeeamry  surveys,  plan, 
and  aperata  ths  malaria  control  projects,  supervising  UJS.  Pnhlic  Health  Service 
personnel  assigned  to  them  for  those  purposes. 

*s»i  ami  am 

"■mat  tSSt  a*.  14.  IkMl  at  OfmHw,  Ihhrii  CmInI  la  War  Araaa,  C  l.  Mlb  BaaMS 
Sff»«fi.  SO  Aar.  1S4*.  iO|i  K  :  Ckaaaa  aC  Xaaaa  la  Malaria  Caatral  la  War  Araaa. 

**>•"  nauarr  Saaa  Ctrralar  Lritar  JU.  I  Safa. I  ■  Oaaarat.  US.  CflSi  BnM  Baeriaa.  M- 
aaal  Snario  Isiaiy.  la  Matrirt  IUrariara.  Mill  Start  k  Srrrifa  tlal.pa  OUppra.  a  at  atari  BaaltS 
OS"**  aasaarstS,  IT  Apr.  IMS.  iriixl :  Sarlrar  ft  Nfcy  aat  Oaaaral  Otialaartaa  at  Malarta 
Caatral  la  War  Araaa. 


commi  nh  ahi.k  iuskaskx 
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CuaBT  4. — llnlsrla  Con hoi  in  War  Arras,  lines  «/  anlhmitn  nmt  inliiitlalinus 


Soarn:  Malaria  Coatrvl  la  War  Ami  FlrM  Ballrtla.  fc»nilrr  1*44. 


2.  Tim  Ofice  of  Malaria  Control  in  War  Arras  would  formulate  policies 
governing  the  operation  of  the  program ;  execute  administrative  control  of  and 
assume  responsibility  for  fiscal  personnel,  and  supply  considerations;  and  exer¬ 
cise  general  technical  supervision  and  coordination  of  projects  and  project 
operation. 

S.  District  Offers  would  accept  responsibility  for  Federal -States  relations, 
assist  in  program  planning  and  policy  fonoalation,  and  collaborate  in 
exercising  general  supervision  over  project  operations. 

Chart  4  shows  that  the  Malaria  Control  in  War  Arms  derived  its  authority 
from  the  Burgeon  General,  ILS.  Public  Health  Service,  through  the  Division 
of  Stataa  Halations  which  in  November  1943  became  a  division  in  the  newly 
created  Bureau  of  Statu  Sera  ices.  The  military  urgency  of  its  mieeion  and  the 
brad  geographic  scope  of  Ha  operations  made  this  orgmaixation  unique  in  the 
history  of  the  UJ3.  Public  Health  Service.  It  was  wisely  recognised  by  cffcials 
at  both  Bureau  and  Division  levels  that  to  succeed  in  ita  objectives,  the  program 
moat  be  allowed  an  unprecedented  degree  of  autonomy  and  freedom.  They 
encouraged  rapid  expansion  and  assisted  in  relaxing  the  usual  strictures  of 
government  procedure  in  personnel  and  procurement  actions.  By  the  end  of 
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Chart  5. — lUaiquartcn  orfaniiatloa  of  Ike  OJIrc  of  Valeria  Control  lu  llVrr  Arcat 


Beam:  Malaria  Chiral  li  War  Ami,  1M.-U44,  p  •.  /a  Raaaaurj  wi  Artlvltlaa.  IM&-4A.  Of- 
•ca  af  Malaria  Ooatral  la  War  Arraa,  Atlaata.  C.S.  l*aNI*  Hcallli  Barr  lea 


June  1942,  l)r.  Williams  had  obligated  approximately  $1,400,000  and  liad  put 
2,000  men  to  work  in  93  area*  within  15  States,  the  District  of  Columbia,  and 
Puerto  Biro. 

Collaborative  relations  with  other  Bureau*  and  element*  of  the  U.S.  Public 
Health  Service  are  aleo  indicated  in  chart  4.  On  this  basis,  Malaria  Control  in 
War  Areas  entoanologists  were  detailed  to  international  airports  where  they 
assisted  IIS.  Public  Health  Service  Foreign  Quarantine  authorities  ia  exclud¬ 
ing  insect  vectors  of  malaria  and  other  diseases.  Investigations  were  carried 
on  with  the  National  Institute  of  Health  to  determine  whether  or  not  native 
anopheiineo  could  transmit  foreign  strains  of  malaria  parasites  imported  with 
infected  military  personnel.  The  Ofc*  of  Malaria  Control  in  War  Areas  de¬ 
pended  largely  on  the  U*S,  Public  Health  Sen- ice  Liaison  ( lifer*  for  coordi¬ 
nating  its  efforts  with  those  of  military  health  authorities,  sad  upon  the 
District  Offers  for  initiating  its  program  relations  with  States,  for  handlist 
special  problem  situations,  and  for  operating  the  activities  in  marginal  States 
where  the  work  volume  did  not  justify  a  special  Malaria  Control  in  Wsr  Areas 
unit  at  State  level. 

The  organisational  plan  of  the  Offce  of  Malaria  Control  in  Wnr  Areas 
varied  aoanewhat  from  time  to  time,  but  chart  5  is  representative  of  its  structure. 
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With  1  lie  except ion  of  t lto  .  !<•*/,  v  1  >i vision  t  tliscn>-se»l  lulee  muler  "l{e- 

luted  Activities"),  it  whs  out  priiini rily  on  u  pnifrssiniisil  category  I  mi  sis, 
though  its  act  ivil  ies  were  invariably  clinmeterixed  l»y  u  Ini'll  degree  of  team 
work  in  planning  an«l  exeeni ion.  The  stuff  was  coni|>o*ed  for  the  most  pnrt  of 
eoiiiiiiissioneil  jiersoiiiiel  from  other  elements  of  the  l’.S.  Public  Health  Service, 
or  recruited  from  other  Federal  or  Slate  agencies.  mid  from  universities.  From 
tlie  liegiuning,  engineering  .iiul  cntnmulogic  coni|ieleiices  predominated.  which 
was  consistent  with  tin-  mitiire  of  the  o|>enii ional  objectives.  Medical  and 

parasitologic  skills  were  recruited  primarily  for  malario . trie  pnv|s>ses  in  the 

field  nnd  in  tlie  laboratory.  respectively.  Training  and  health  education  s]ie- 
einlists  were  acquired  to  carry  on  inservice  t  raining  and  a  program  of  lav  liealth 
education  concern i up  mnlnrin  and  its  prevention.  A  relatively  unique  hut 
indispensable  adjunct  of  tlie  organization  was  the  K«|iii|uneiit  I  'nit  which  was 
located  in  the  llenry  (."niter  .Memorial  Lnlmnitory  at  Savannah,  G*.,  where 
its  professional  and  technical  |iersoiinel  developed  new  nnd  improved equipment, 
materials,  and  procedures  for  use  in  malaria  control. 

Before  the  war,  several  of  tlie  Sail  hern  States  laid  developed  liasic  orgnni- 
xationa  for  malaria  survey  and  control.  These  usually  included  a  physician,  an 
entomologist,  and  an  engineer,  a  team  which  could  lointe  and  confirm  mnlaria 
rases,  appraise  tlie  local  transmission  potential,  and  initiate  desirable  control 
measures.  This  ranee  |>t.  was  accepted  and  actively  promoted  by  tlie  Malaria 
(."ontrnl  in  War  Areas  in  developing  its  fiehl  organisation.  In  certain  States, 
supervisory  personnel  had  to  lie  provided  to  replace  or  strengthen  tlie  staff  of 
the  State  director  of  malaria  control.  Tlie  mart  frequent  ami  pressing  needs 
were  for  entomologists  to  train  inspectors  and  to  assist  in  organising  ami  «iieck- 
ing  fiehl  and  laboratory  activities,  ami  for  engineers  to  |tlan  ami  supervise 
operations.  Administrative  and  clerical  |iersonnel  were  also  assigned  wlierr 
necessary.  All  of  three  individuals  were  directly  rcspousilde  to  the  State  di¬ 
rector  of  malaria  control  in  the  State  to  which  they  were  detailed.  In  soma 
instances,  this  individual  was  the  State  health  officer:  in  otliers,  the  director  of 
preventable  diseases,  the  State  sanitary  engineer,  or  a  full-time  malariokigirt 
without  other  duties. 

Recruiting  and  training  on  such  short  not  ice  the  large  form  of  profesaional 
specialist*,  technical,  administrative,  and  clerical  auadstaats,  and  both  skilled  and 
wmkilled  labor  needed  to  carry  on  the  Malaria  Control  in  War  Arana  activities 
would  have  been  extremely  diftewk  in  normal  times.  In  the  face  of  mounting 
draft  ftwtas  and  the  high  pay  offered  bjr  war  industries,  it  Burned  impossible. 
It  is  the  more  remarkable  that  this  technical  operation  which  required  some 
3,300  employees  before  the  end  of  1942  and  e  maximum  of  4,536  in  August  1045 
wus  accomplished  with  relatively  few  requests  for  deferment. 

Actual  operations  were  carried  oat  almost  entirely  by  the  States,  each  State 
directing  its  own  program  through  existing  administrative  channels  and  on 
the  basis  of  its  own  legal  authorisation.  Assistance  from  Malaria  Control  in 
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AA’nr  Arens,  in  addition  to  trained  personnel,  consisted  of  »|>criiilizr<l  pit i«-n  1 . 

ninterinl*  under  wiirtime  priority,  techiticnl  development  mid  cousiiltiilinii,  ad¬ 
vice  on  udiuinistnitive  uud  tisenl  mutters,  training  mid  training  niils,  and 
lulionituiy  services.  In  the  Sliitv*s  wltetv  iiiuhmn  Imd  lieen  endemic  in  the  past, 
there  were  in  1H4-J  some  !MHI  so-culled  war  estnlilislnnents  to  In>  protected :  by 
January  1D4."»,  die  total  luid  risen  to  approximately  -J.inN r.  These  included 
military  (Mists,  eitiii|is,  stations,  liases,  hospitals,  de|MHS.  airfields.  Navy  yards, 
oilier  miliiitry  |mii1  amis,  si  airing  ureas,  prisoner-of-war  cani|is.  uianeiiver  ittvits, 
access  highways,  exlramilitaiy  recreational  centers,  slii]iyards,  airplaue  fac¬ 
tories,  ordnance  works,  ot  Iter  essentia  I  war  industries,  and  housing  developments 
for  war  workers.  These  war  establishments  were  jjroujied.  according  to  local  ion 
anti  the  nature  and  extent  of  the  problem,  into  some  'Jatt  war  areas,  anil  an  area 
stt|iervisor,  usually  an  engineer,  was  (ilacetl  in  charge  of  tlie  malaria  control 
activities  to  lie  carrietl  on  around  each  group  of  war  estnlilislnnents.  He  worked 
closely  with  the  sanitation  officers  on  adjtitYiti  military  installations  and  with 
the  local  liealtb  officers.  Thus,  tlie  war  area  was  tlie  geographic  unit  nf  «>|iern- 
tions  (nm]is  8  and  !>). 

Efforts  were  made  by  tlie  medicnl  epidemiologists  to  get  current,  reliable 
appraisals  of  malaria  prevalence  near  tlieae  war  establishments  using  conven¬ 
tional  metliods  of  nialariometry,  b«t  none  of  these  was  satisfactory  la-cause  of 
the  short  time  available,  the  paucity  of  trained  medicnl  investigators,  and  the 
general  low  prevalence  of  the  disease.  I'ltiinately,  it  was  decided  that  tlie 
safest  procedure  was  to  base  and  evaluate  malaria  control  activities  on  evidence 
of  vectoral  anophelism,on  the  theeis  that  tlie  presence  of  malaria  transmitters  ia 
a  potential  hazard  even  1 1  tough  malaria  cases  or  parasitism  may  not  he  demon¬ 
strable  in  tlie  area.  AY  lien  tlie  density  of  malaria-cartying  species  of  mosquitoes 
was  considered  significantly  high,  a  control  zone,  1  mile  in  width  (the  usual 
flight  range  of  native  vectors),  was  established  around  the  military  installation. 
All  breeding  places  were  located  ami  spotted  on  the  area  map.  Adult  mosquito- 
catching  stations  were  selected  in  representative  locations  so  that  the  results  of 
mosquito  control  operations  could  be  assessed  enfomoktgically. 

The  area  supervisor  then  visited  and  stndied  the  control  cone  around  the 
war  establishment,  usually  with  the  enfntnologirt.  He  observed  the  type  and 
extent  of  the  anopheline  I  seeding  places  and  derided  what  type  of  anti  larval 
prooedure — larvkiding,  minor  drainage,  or  major  drainage— would  be  most 
effective,  feasible,  and  economical  and  whether  or  not  it  could  be  constructed 
or  operated  in  conjunction  with  the  intramilitary  mosquito  control  activities. 
On  the  basts  of  fitese  observations,  he  made  cost  estimates,  planned  a  work 
program  for  the  entire  war  area  or  areas  under  his  supervision,  requisitioned 
the  necessary  vehicles,  equipment,  and  mqipliee,  hired  ami  trained  inspectors, 
foremen,  and  laborers,  and  pmreeded  with  the  antintosqnito  operations.  The 
activities  and  accomplishments  of  his  crews  were  reported  to  tlie  State  office. 
Malaria  Control  in  War  Areas,  at  (lrescrilied  periods.  Certain  of  tlie  ento- 
moJogic  findings  were  sent  directly  to  tlie  Atlanta  headquarters  where  current 
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Map  1  fliunpBli  MatriMlaa  an4  typra  n t  projrrta  bring  carrird  on  bp  Malaria  Control  In  Wnr  Arran.  1  July  1!>IA 
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information  with  which  to  answer  nffirinl  inquiries  wsis  nm int ;i intnl  nliont  the 
status  o£  each  project. 

In  States  where  the  inioplieline  liiiznrd  was  not  sufficiently  extensive  or 
continuous  to  warrant  maintaining  stale  organizations  for  Malaria  Control 
in  Wn r  Areas,  nmlaria  mosquito  control  service  was  rendered  ns  needed  bj’ 
mobile  units.  These  were  develojted  to  provide  surveillance  around  isolnted 
war  estuhlishments  such  ns  Army  general  hospitals  or  prisoner-of-war  camps 
in  States  of  marginal  eiideinieity  and  to  take  action  if  vector  densities  indicated 
the  need  for  control.  Each  unit  consisted  of  a  passenger  vehicle  and  a  heavy 
truck  containing  the  supplies,  material,  and  equipment  necessary  to  conduct 
surveys  and  ius|>ectious  mul  to  execute  litrvicidal  or  minor  drainage  operations. 
An  entomologist  or  engineer  was  in  charge  of  each  unit  and  was  res|»onsible 
to  the  Offire  of  the  U.S.  Public  Ileal*1:  Sendee  District  in  which  tlie  unit 
operated.  The  officer  in  charge  hired  Ills  assistants  and  laliorers  locally. 
Arrangements  for  the  assignment  of  units  to  areas  within  States  were  mude 
between  the  District  Office  personnel  anti  the  health  officers  of  the  States  in¬ 
volved.  Each  unit  operated  under  the  jurisdiction  of  tlie  health  officer  of  the 
State  to  which  it  was  temporarily  assigned.  In  1944,  two  mobile  units  were 
assigned  to  each  of  two  IT.S.  Public  Health  Sendee  Districts  and  one  each  to 
four  other  Districts.  Others  were  held  at  the  Atlanta  headquarters  for 
emergency  use. 

The  task  of  procuring  supplies  and  equipment  to  implement  these  far- 
fliuig  operations  was  n  mammoth  and  continuing  one.  In  anluouanesR,  it  was 
surpassed  only  by  tlie  problem  of  finding  comjieteiit  and  industrious  personnel. 
Wartime  priorities  and  the  scarcity  of  certain  items  added  to  its  complexity. 
Tlie  acquisition  of  automotive  equqmieiit  was  an  early  necessity  which  never 
ceased  to  be  a  critical  one.  The  Appropriation  Acts  prohibited  tlie  purchase 
of  new  or  used  passenger-carrying  vehicles  without  special  authorisation,  and 
during  the  war  years  such  permission  was  virtually  impossible  to  obtain. 
Thus,  tlie  most  efficient  utilization  of  equipment  on  hand  was  imperative. 
Fortunately,  at  that  time,  there  was  no  regulation  against  the  interdepart¬ 
mental  transfer  of  vehicles  on  a  reimbursable  basis,  and,  st  the  start  of  the 
program.  70  cars  and  trucks  were  so  obtained  from  the  Army.  Other  vitally 
needed  prewar  equipment  was  transferred  from  the  Work  Projects  Admin¬ 
istration  and  the  National  Youth  Administration.  More  was  acquired 
through  the  ingenuity  and  resourcefulness  of  those  charged  with  this  respon¬ 
sibility.  By  the  end  of  the  war,  the  inventory  of  the  Malaria  Control  in  War 
Areas  carried  a  total  of  1,046  separate  kinds  of  items  ranging  from  $12^000 
draglines  to  rattrapa.  According  to  its  official  property  records,  vehicular 
units  included  at  that  time  3  airplanes,  about  230  passenger  cars,  and  roughly 
2^X10  trucks. 

With  such  a  highly  dispersed  operation  carried  on  under  duplicative 
authority  and  virtually  aulonomous  state  direction,  the  problem  of  coordina¬ 
tion  and  integration  and  the  maintenance  of  high  standard*  of  work  |ierform- 


KX1*KHIKX('K  IX  I  XITKIl  STATUS 


95 


a iiw  was  a  must  complex  mid  challenging  one.  ii  was  solved  to  a  remarkably 
high  degree  by  means  of  |>ersomil  visils  of  hradqmiriers  sin  If  to  Held  ojieral  ions 
sites,  of  animal  conferences  in  Atlanta  of  District  and  State  n|M>i'utioiin]  per¬ 
sonnel  who  gat  lie  i  vd  to  discuss  ami  slum-  their  experiences.  and  of  several 
types  of  official  run  mum  ic:it  ions  issn?d  by  the  Atlanta  office. 

The  first  of  these  was  a  Manual  of  Ojiersitions  which  consisted  of  n  loose- 
leaf  series  of  mimeographed  Manual  Letters  issued  at  irregular  intervals, 
slutting  :»t)  March  1942.  The  primary  ptn-|Mise  of  these  letters  was  to  inter¬ 
pret  Extra  Military  Zone  Circular  Letter  Xo.  h.“  and  to  guide  the  o|ieratinii 
und  iidmiiii.stration  of  tlic  program,  ft  was  intended  I  lint  the  Manual  would 
discuss  items  of  a  relatively  permanent  nature;  information  nml  instructions 
of  a  more  temporary  category  were  transmitted  us  Field  Memoranda.  A  copy 
of  tlie  Manual  was  issued  to  each  supervising  employee  for  his  guidance,  and 
the  letters  in  it  were  frequently  revised.  Tims,  it  served  its  a  medium  for 
maintaining  current  contact  between  tlie  Atlanta  office  and  tlie  held,  provid¬ 
ing  the  latter  with  statements  of  policy,  (qierating  mid  administrative  instruc¬ 
tions,  directives,  mid  information  concerning  procedural  improvements  laised 
upon  group  experience,  research,  and  other  activities.  As  of  1  July  19411,  the 
Manual  Letters  were  revised  and  reissued  in  separate  numerical  sequences  for 
each  of  the  following  Sections:  Introduction,  Administration,  Engineering, 
Entomology,  Training,  and  Medical. 

On  27  August  I94.T,  the  first  of  GO  numbered  Field  Memoranda  made  its 
appearance.*5  Tliese  were  used  to  convey  announcements,  directives,  program 
notes,  ami  instructions  |iertaining  to  administration  or  operations  but  were 
of  a  more  transient  significance  titan  the  contents  of  tlie  Manual  Letters. 

Activities  data  were  consolidated  in  State  lieadqnarters  and  in  Atlanta  to 
form  tabular  summaries  by  States  of  (1)  arras  in  operation.  (2)  war  establish¬ 
ments  protected,  (3)  accounts  of  larvicidal  activities  in  terms  of  amounts  of 
larvicides  used  and  of  arras  treated,  (4)  minor  and  major  drainage  accom¬ 
plishments,  (5)  areas  of  water  surfaces  eliminated.  (6)  man-hours  required, 
and  (7)  personnel  and  payroll  by  category.  To  the  statistical  information 
were  added  brief  bnt  profusely  illustrated  narrative  interpretation,  comments 
about  the  various  programs  and  organisational  units,  job  and  materials  speci¬ 
fications,  news  items,  and  technical  features  such  as  insect  identification  keys, 
field  and  laboratory  teats,  and  special  survey  reports.  These  were  reproduced 
and  distributed  to  all  concerned  starting  in  July  1942  and  continuing  through 
March  1944.  The  first  of  these  was  entitled  “Organization  Report  in  Lieu 
of  Monthly  Report  of  Malaria  Control  in  War  Areas.”  Succeeding  issues 
were  called  "Monthly  Reports,  Oflfce  of  Malaria  Control  in  War  Areas.”  Es> 
mtially  the  same  material  was  distributed  for  tlie  remainder  of  the  calendar 
year  as  the  “Field  Bulletin,  In-Service  Training  and  Information,  Malaria 
Control  in  War  Areas,”  and,  beginning  in  January  1945,  it  was  captioned  the 
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‘‘Malaria  Control  in  War  Arons  Field  1  tul  let  in.’'  Through  July,  it  was  sent 
out  each  month,  but  by  the  end  of  IMS  it  had  liecoine  first  ;i  bimontldy  and 
then  a  quarterly  release.  This  was  continued  to  the  end  of  the  fiscal  year  1M6 
when  tlw  Office  of  Malaria  Control  in  War  Areas  was  terminated.  At  the 
close  of  each  fiscal  year  front  11)42  through  1040.  annual  consolidations  of  these 
reports  were  developed  with  many  illustrations,  tables,  analyses,  conclusions, 
and  special  accounts  of  state  and  district  ninlurin  mosquito  control  activities. 
These  volumes  were  also  given  wide  distribution. 

All  of  this  material  was  prepared  skillfully  with  an  awareness  of  its  edu¬ 
cational  and  integrative  possibilities.  In  an  unobtrusive  fashion,  it  kept  the 
staff  and  employees  of  Malaria  Control  in  War  Arons,  at  all  organizational 
levels  and  in  all  Stales  and  districts,  well  informed  regarding  the  dimensions 
of  their  total  effort.  Thus,  it  had  much  to  do  with  catalyzing  the  development 
of  the  notable  esprit  de  corps  which  prevailed  throughout  the  organization. 
Lastly,  it  provided  for  future  reference  a  detailed  record  of  procedure  and  ac¬ 
complishment,  even  under  the  stringencies  of  wartime  conditions,  in  steadily 
reducing  an  nge-old  menace  to  liealth  and  prosperity  by  exerting  the  combined 
efforts  of  military,  Federal,  State,  and  local  health  agencies. 

A  summary  of  activities  based  on  information  from  these  sources  is  shown 
in  table  7.  This  includes  the  costs,  by  fiscal  years,  of  antimosquito  activities 
from  1042  through  mid-1046,  1  year  in  addition  to  the  period  covered  in  the 
otherwise  comparable  analysis  of  similar  operations  on  military  establish¬ 
ments  within  the  country  (table  6).  This  is  because  it  was  considered  neces¬ 
sary  for  (lie  Malaria  Control  in  War  Arras  to  continue  its  wartime  anti- 
anopheline  program  around  militaiy  areas  after  V-J  Day,  since  service 
personnel  continued  to  return  to  separation  centers  for  demobilization. 
Among  them  were  many  who,  as  in  1945,  still  suffered  from  recurrent  attacks 
of  malaria  (chart  3).  These  individuals  were  treated  in  Army  general  hos¬ 
pitals,  if  their  attacks  occurred  before  separation;  if  they  came  afterward, 
they  sought  relief  mainly  in  Veterans’  Administration  facilities,  and  also  from 
private  physicians  or  by  self-medication.  Consequently,  it  was  believed 
prudent  to  keep  the  malaria  vector  density  reduced  around  the  Federal  estab¬ 
lishments,  in  which  malaria  cases  were  concentrated,  and  in  endemic  or 
formerly  endemic  rural  areas  of  the  country  where  it  was  known  that  malaria 
relapses  were  occurring  in  veterans. 

Table  7  emphasises  the  fact  that  larvicidsl  measures  were  basic  in  the 
early  years  of  the  extramilitary  War  Areas  program,  as  the  desirability  of 
permanent  destruction  of  aaopheline  breeding  places  had  to  give  way  to  the 
expediency  of  using  more  immediately  beneficial  measures.  The  first  such 
project  operated  under  the  Malaria  Control  in  War  Areas  was  begun  on  17 
March  11)12  in  Florida. 

Oil  was  tlw  most  common  larvickk  used  except  in  such  places  as  Puerto 
Rico  where  the  cost  of  transportation  made  it  prohibitive.  While  not  as 
economical  ns  pans  green  which  kills  only  the  larval  stages  of  Anopheha,  oil 
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was  preferred  by  personnel  o|ienitttig  local  piugmiii.-;  lierause  its  application 
served  f lie  dual  pnrim.-t*  of  destroying  all  tin*  nipiatic  stages  of  pest  mosquitoes 
as  well  asnnoplielines.  This  made  ihc  piiigram  nioiv  popular  with  the  residents 
of  the  area  and  usually  secured  their  coo|ieiiition.  In  some  zones,  it  was  used 
exclusively  and  nreonuted  for  the  bulk  of  the  iiiinncial  and  labor  ex[ieuditures. 
During  early  lt42  and  the  fiscal  year  of  1013,  more  than  ±1  millions  of  gallons 
were  applied  on  nearly  1  13,inni  aeres  of  breeding  area  using  3,577  baud  sprayers, 
13  power  sprayers,  and  10  oil-water  units.  In  this  and  other  field  activities, 
power  equipment  was  advocated  wherever  feasible  both  to  expand  control 
operations  without  increasing  maii|Miwer  requirements  and  liecattse  it  generally 
cost  less.  Thus,  in  1944,  j lower  equipment.  was  increased  to  include  30  high- 
pressure  sprayers  mounted  in  trucks  or  boats.  This  jsiwer  application  was 
particularly  effective  ill  areas  of  dense  vegetation  or  heavy  flotage.  About 
80,705  acre  treatments  of  oil  were  made  at  ail  average  cost  per  am*  treatment 
of  $9.55  by  baud  and  $2.20  liv  power  method.  The  rate  of  ap|ilication  in  1944 
varied  with  different  types  of  breeding  places  from  12  to  50  gallons  per  acre, 
avetuging  18.9. 

As  the  result  of  experience  and  skills  acquired  (luring  tire  earlier  years,  oil 
Inn  icidiug  was  done  ill  tlie  fiscal  year  of  1145  in  174  war  areas  ill  27  States  at  an 
average  cost  of  $5.90  p*r  acre  treatment  for  the  spraying  of  some  81.940  acres. 
Tlie  following  year  saw  file  general  use  of  “DDT  oil-mist,*  a  procedure  for 
using  DDT  as  a  mosquito  larvicide.  This  was  develojied  at  tlie  Henry  Carter 
Memorial  Laboratory  in  Savannah  and  was  held  tested  in  1913.  It  consisted 
of  spraying  3  percent  DDT  ill  No.  2  fuel  oil  through  an  atomizing  nozzle,  such 
as  is  used  in  fuel  oil  burners,  at  a  pressure  of  30  to  30  pounds  per  square  inch. 
A  spreading  agent  was  added  to  assist  coverage.  Three  gallons  of  this  mixture 
could  he  spread  on  3  acres  of  ponded  are*  in  3  hours  at  a  cost  of  approximately 
one-eighth  that  of  applying  oil  by  liand,  or  one-half  tin*  cost  of  hand  dusting 
with  paria  green. 

In  spite  of  the  general  preference  for  oil,  peris  green  maintained  its 
special  usefulness  as  a  larvicide  throughout  the  war.  It  was  cheaper  than  oil 
and  was  especially  useful  in  treating  watered  areas  overgrown  with  aquatic 
plants,  a3  the  dust  mixture  did  not  cling  to  the  overgrowth  as  did  oil.  Further¬ 
more,  paris  green  mixture*  had  a  much  wider  potential  radius  of  application 
than  did  oil  sprays  under  identical  meteorologic  conditions  so  that  less  ac¬ 
cessibility  to  ltrreding  places  was  required.  In  relatively  small  areas  which 
could  be  approaclied  by  men  on  foot,  the  usual  method  of  spreading  paris  green 
eras  by  means  of  rotary  hand  dusters.  Under  favorable  atmospheric  circum¬ 
stances.  the  mixture  would  be  airborne  for  distances  up  to  130  feet.  In  larger 
areas,  power  dusting  from  trucks  and  boats  was  more  practical  and  economical. 

Early  in  August  1942,  because  of  prolific  .1.  quadrimarnlatu*  breeding 
within  flight  range  of  important  military  establishments  near  Washington, 
D.C.,  it  became  necessary  to  larvicide  approximately  3/iOO  watenrhestnut  in¬ 
fested  acres  along  tlie  Potonuic  River  and  its  tributaries.  Tlie  growth  was  so 
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tlense  as  to  preclude  dusting  from  boats,  and  it  was  decided  to  try  airplane 
application  for  this  project  (fig.  20).  This  was  shown  to  be  both  effective  and 
economical.  Tims,  the  use  of  airplane  dispersal  for  larriciding  was  introduced 
into  the  Malaria  Control  in  War  Areas  program.  Preparations  were  made 
immediately  to  use  it  more  extensively  daring  the  1043  season,  and,  by  Jane 
1043,  four  airplane  dusting  projects  were  in  operation  at  New  Orleans,  La., 
Newport  ami  Walnut  Ridge,  Art,  and  Greenville,  Miss. 

Daring  tlte  second  year  of  Malaria  Control  in  War  Areas  operations 
(1948-44),  airplanes  were  used  on  contract  on  nine  projects  in  the  States  of 
Virginia,  Mississippi,  Arkansas,  Louisiana,  Tennessee,  and  in  Puerto  Rico. 
About  330,000  pounds  of  25  percent  peris  green  mixture  were  applied  in  64,780 
acre  applications.  The  effectiveness  of  airplane  dusting  varied  widely,  being 
lowest  in  irregular,  wooded  swamps  and  at  its  best  on  areas  covered  with  low 
aquatic  vernation  ns  in  the  Potomac  River  waterchestnut  project.  Daring  the 
fiscal  year  of  1944. 187,799  acre  treatments  of  ptris  green  were  made,  45  percent 
by  hand,  21  percent  by  power  duster,  and  34  percent  by  airplane.  Respective 
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costs  per  application  were  $2.98, $0.65,  ami  $1 .06  per  acre.  Dust  mixtures  varied 
from  4  to  10  percent  by  weight  for  hand  and  power- dusting  and  from  15  to  25 
percent  for  airplane  application.  Rates  of  application  wi  re  from  one-half 
(annul  of  paris  green  per  acre  in  relatively  clear  ureas,  to  2  (rounds  per  acre  in 
densely  vegetated  areas  cr  in  highflying  airplane  opera!  ions  over  swamps.  The 
average  application  rote  was  1.3  pounds  per  acre. 

There  was  a  substantial  decrease  irt  hand  lurviciding — oil  and  paris  green — 
in  the  1944-45  season.  Experience  during  the  two  previous  years  laid  resulted 
in  a  greater  selectivity  of  methods  to  save  time  and  materials.  In  addition, 
the  need  for  Iftlxrr  conservation  l>ecnnie  more  acnli  in  most  ureas  as  the  war 
progressed.  Of  the  214.666  acres  treated  with  paris  green  and  oil  during  the 
fiscal  year  ending  30  June  1945,  approximately  raie-ihinl  of  the  applications 
were  made  with  power  equipment,  including  airplanes. 

Until  the  days  of  DDT  arid  the  other  residual  insecticides,  drainage  was 
generally  considered  lite  most  satisfactory  means  of  achieving  (lennanent  ma¬ 
laria  control.  However-,  in  an  emergency  program  such  ns  the  Malaria  Control 
in  War  Areas,  geared  to  wartime  speed  and  urgency  and  carried  on  for  the 
most  part  around  temporary  war  establishments,  drainage  had  to  be  secondary 
to  the  more  rapid  methods  of  mi  laria  control.  The  general  rules  of  the  Malaria 
Control  in  War  Areas  with  respect  to  drainage  priority  were  (1)  to  consider 
minor  drainage  operations  normal  adjuncts  of  the  larviciiling  activities  and  (2) 
to  undertake  major  drainage  construction  w  lie  re  effective  control  by  larviciding 
could  not  be  achieved  without  drainage  or  where  the  cost  of  effective  larviciding 
was  greater  than  that  of  drainage. 

From  17  March  to  30  Jane  1942,  the  Malaria  Control  in  War  Areas  at¬ 
tended  eery  little  major  drainage  construct  km  as  this  was  being  carried  on 
by  the  Work  Projects  Administration  within  the  framework  of  its  Malaria 
Control  Drainage  Program.  A  letter  from  the  President  to  the  Federal  Works 
Administrator,  dated  4  December  1942,  authorized  the  liquidation  of  the  W'ork 
Projects  Administration.4*  Certain  of  the  projects  survived  through  April 
IMS,  and  torn©  Work  Projects  Administration  labor  was  still  available  to  the 
end  of  fiscal  year  1943.  The  few  drainage  projects  not  on  military  property 
began  by  that  organisation  and  still  incomplete  at  its  demise  were  taken  over 
by  the  Malaria  Control  in  War  Areas  if  these  could  be  approved  within  existing 
nolle*. 

la  the  fiscal  year  of  IMS,  68  major  drainage  projects  were  operated  in  13 
States  and  Puerto  Rico;  966£81  feet  (183  miles)  of  new  ditches  wees  con¬ 
structed,  754)  percent  by  hand,  1925  percent  with  dynamite,  and  4.6  percent  with 
machines.  A  total  of  1,257,104  man-hours  of  labor  were  expended  on  the  various 
aspects  of  drainage  works.  During  the  winter  of  1943-44,  a  maximum  of  63 
major  drainage  projects  were  in  operation  in  46  areas  of  13  States  and  Puerto 
Rico.  Since  a  majority  of  the  malaria  mosquitoes  in  the  continental  United 
States  do  not  fly  more  than  one  mile,  drainage  was  usnally  concentrated  within 
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■  1-inile  radius  of  war  iiiths.  Where  excessive  breeding  did  not  occur  bet  ween 
the  and  1-ntile  radius,  control  of  this  urea  liy  Inrviciding  was  generally 
sufficient.  In  n  few  instances,  it  wns  necessary  to  in.Htnll  drainage  works  |mst 
the  1-mile  radius  in  order  '•  Attain  sat  is  fact  on'  outlets. 

Alt Ihhi git  nearly  all  the  drainage  work  originally  projaised  for  the  older 
military  establishments  had  lieen  completed  by  tlu>  middle  of  the  fiscal  year 
1U41,  many  new  areas  were  lieing  added,  mostly  prisoner-of-war  cani|M  mid 
military  lios|iitals.  Major  drainage  was  seldom  justifiable  around  prisoner-of- 
war  branch  cani|M  because  of  tlieir  teni|s*rary  nature.  However,  lurvicidal  work 
was  snppleuieiited  bv  drainage  at  some  of  the  more  nearly  |ierninneiit  base 
camps.  In  most  instances,  plain  earth  ditches  were  dug,  witliotit  lining,  sodding, 
erosion  control,  or  ap|Mirtenant  structures.  The  average  cost  for  this  type  of 
excavation  with  hand  laltor  was  *1.40  per  cubic  yard.  A  total  of  1.05D  miles  of 
this  type  of  hand  ditching  was  completed  by  :i<>  June  lull,  involving  over 
000,000  cubic  yank  of  excavation. 

Drainage  activities  on  the  Malaria  Control  in  War  Areas  program  con¬ 
tinued  on  a  gradually  decreasing  scale  during  104*>.  This  included  machine  and 
dynamite  excavations,  filling,  installation  of  permanent  ditch  lining,  ditch 
stabilisation,  cross-drain,  and  outlet  construction.  At  the  close  of  the  fiscal 
year,  little  major  drainage  remained  to  be  done  because  in  most  established 
aroaa  it  had  been  completed,  military  bases  were  being  inactivated,  ami  most 
States  were  no  longer  expanding  antimalaria  activities. 

Extramilitary  permanent  ditch  lining  was  limited  in  tlie  United  States  to  a 
few  situations  when  materials  were  furnished  by  property  owners  or  local 
governments.  The  use  of  lining  was  more  extensive  in  Puerto  Rico  wliere 
malaria  mosquito  production  was  more  difficult  to  control  and  where  the  malaria 
hazard  was  greater,  but  even  there,  ditch  lining  by  Mnlaria  Control  in  Wnr 
Areas  was  confined  to  the  vicinity  of  permanent  military  establishments. 

Special  types  of  drainage  struct  ares  were  used  where  they  offered  the  beet 
solution  to  the  control  problem.  At  Jackson  Barracks,  La.,  a  levee  and  a 
manually  operated  floodgate  were  constructed.  At  Macon,  Qa.,  and  in  Puerto 
Rico,  pumps  wen  used  far  drainage.  An  inverted  siphon  was  installed  at 
Macon.  Hydraulic  dredging  was  utilised  effectively  at  Leesburg,  Fla.,  and  at 
Macon  and  vertical  drainage  at  Jefferson  Barracks,  Mo. 

In  addition  ts  thorn  larviodiag  and  drainage  operations,  which  comprised 
the  principal  malaria  control  activities  of  the  Malaria  Control  in  War  Anas, 
tiling  was  mod  tua  Banted  degree.  This  was  done  by  bulldaarr,  by  diversion 
of  streams,  by  sanitary  landfill,  sad  by  dragline. 

To  determine  the  extent  of  mosquito  breeding  and  the  amount  eliminated 
by  drainage,  a  census  of  UOJM  acres  of  watered  aim  was  conducted  during  the 
winter  of  IM4  throughout  the  control  sane.  Fifty-two  percent  of  these  wet 
acres  worn  damified  aa  permanent  problems,  ffi  percent  as  roni permanent,  and 
90  percent  aa  temporary.  In  addition  to  the  above,  ii^XXMXX)  linear  feet  of 
water  holding  ditches,  canals,  and  other  watercourses  1ms  than  10  feet  in  width 
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were  reported.  More  than  one-third  of  each  class  of  wittered  area  (+2,177  acres 
plus  2.', 000,000  linear  feet  of  ditdies)  was  found  to  lie  breeding  malaria  mos¬ 
quitoes,  probably  representing  the  signiticant  acreage  from  the  standpoint  of 
Malaria  Control  in  War  Areas.  It  wus  further  rejMirtetl  that  15, (too  acres  anil 
080,000  linear  feet  of  watered  area  were  eliminated  by  drainage  during  the 
course  of  Malaria  Control  in  War  Areas  operations. 

Tlie  need  for  a  shift  in  emphasis  of  Malaria  Control  in  War  Areas  activi¬ 
ties  became  np]mrent  in  1943  with  the  arrival  in  this  country  of  malaria  cases 
front  overseas.  These  included  hospitalized,  sick,  nr  wounded  servicemen,  pris¬ 
oners  of  war  sent  to  the  Cnited  States,  and  furlnttghed  or  discharged  veterans 
returning  to  'heir  homes  ill  all  of  the  48  States.  It  was  suspected-  -and  later 
proved  " — that  malaria  transmission  could  take  (dace  from  these  carriers  in 
areas  where  domestic  mosquito  vectors  existed.  This  led  to  tlte  conviction  that 
a  major  public  liealtli  problem  would  ensue — one  which  would  increase  with 
>leiiiol>ilixatH)ii.,> 

Thus,  in  194+  it  was  proposed  to  extend  the  Malaria  Control  in  War  Areas 
program  to  protect  all  previously  endemic  civilian  areas  in  addition  to  tlHise 
adjacent  to  strategic  installations.  By  this  time,  tlie  nntiinalaria  effectiveness 
and  low  cost  of  residual  insect  iciding  with  DDT  had  been  amply  demonstrated 
by  its  military  use  in  tlte  tropics.  The  proposal,  therefore,  called  for  residual 
spray  treatment  with  DDT  in  rural  arras  as  a  major  operation  and  for  some 
larvtciding  and  drainage  around  uritati  locations.  Work  was  to  ltrgin  on 
1  January  19+5  in  the  most  malarious  counties  in  the  aoutlieast. 

This  proposed  Extended  Malaria  Control  Program  of  the  Malaria  Control 
in  War  Areas  was  endorsed  by  the  Association  of  State  ami  Territorial  Health 
Officers  in  October  1944,  with  tlie  recoin  mendat ion  that  tlte  Surgeon  General 
of  the  UA  Public  Health  Sen-ice  present  the  program  to  tlie  Congress:  mili¬ 
tary  authorities  approved  the  proposal.  The  initial  appropriation  for  the 
Extended  Program  was  included  in  the  First  Supplemental  Appropriation 
Act,  October  1944,  and  was  approved  December  1944.4* 

The  administrative  pattern  of  the  Extended  Program  was  similar  to  that 
of  other  Malaria  Control  in  War  Areas  activities,  but  the  underlying  philos¬ 
ophies  governing  the  two  were  quite  different.  The  tegular  Malaria  Control 
in  War  Areas  program  was  designed  to  protect  military  end  war  industrial 
personnel  from  civilian  malaria.  The  Extended  Program,  on  the  other  hand, 
was  primarily  intended  to  protect  general  civilian  popalations  from  ret  anting 
military  carriers  of  the  disease.  Therefore,  intwawd  emphasis  was  placed 
apon  participation  by  State  aad  local  health  agencies. 


*  a*  imhk  as,  a  ti. 

*  (1)  rnsm,  S.  & :  rutli—  CmM  Br  OtanlH  Materia  Canters  Pah.  HnHI  Bap  M: 
■ST-aea,  IT  Mar.  1*44.  (T|  Maiaiai.  1.  S. :  Aaaarina  MaMBaatlaa  tar  tba  CaafiaS  at  Materia  ta 
tkr  trill  Statra ;  latfaOarilaa  ta  a  Irtetnlaaa  aa  Oar  Xatlaaai  Praaraai  hr  tba  Oalrat  at  Materia. 
J.  Xat.  Materia  Bar.  S:  T-l».  Man*  1*44. 

*  Hr*  laalaali  T*  (*l .  IS. 
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The  county  was  the  usual  unit  of  operation  in  the  Extended  Program  and 
most  projects  were  county  wide,  excluding  communities  of  2,500  or  more. 
Those  in  which  residual  spray  treatment  was  to  be  carried  out  were  selected  on 
the  basis  of  ( 1 )  average  annual  reported  malaria  death  rates  of  10  or  more  per 
100,000  during  the  prewar  years  1038-42,  inclusive,  and  (2)  supplemental  in¬ 
formation  from  the  malariologists  of  the  various  State  health  departments  as 
to  tlie  distribution  of  the  disease  in  their  own  States.  From  tltese  data,  68 
counties  in  9  States  were  approved  iu  1945  for  participation  in  the  residual 
spray  program. 

Consideration  was  given  to  the  possible  requirements  of  live  other  States 
in  the  traditionally  malarious  belt  where  malaria  had  been  transmitted  with 
sporadic  frequency.  It  was  believed  at  first  that  the  needs  of  these  States  might 
be  met  by  the  use  of  mobile  units,  but  further  analysis  indicated  that  better  and 
more  permanent  results  would  be  achieved  by  establishing  local  projects  under 
trained  personnel  in  these  areas. 

During  the  1946  season,  644,000  spray  applications  were  made  in  400,000 
homes.  In  the  fiscal  year  of  1946,  the  number  of  counties  included  in  the 
Extended  Program  increased  to  274,  involving  1,025^81  homes. 

Lanricidal  and  minor  drainage  projects  were  undertaken  in  the  Extended 
Program  around  urban  areas  wherever  the  annual  eoat  of  larviciding  was 
lower  than,  or  did  not  greatly  exceed,  the  cost  of  residual  spraying.  Re¬ 
connaissance  surveys  or  experience  in  previous  project  operations  were  used 
to  determine  these  comparative  costs.  For  ends  population  group,  either 
antilarval  or  antiadult  measures  were  used,  not  both.  In  general,  larvicidiiig 
and  minor  drainage  were  the  methoda  uaed  for  urban  populations.  A  few  major 
drainage  projects  were  proposed  under  the  Extended  Program  and  submitted 
for  approval  as  prescribed  for  regular  Malaria  Control  in  War  Areaa  activities 
Residual  spray  project  proposals  were  prepared  by  the  State  health  depart¬ 
ments  for  each  operational  area  where  such  work  was  contemplated.  Them 
were  then  reviewed  by  the  Headquarters  oSce  before  work  was  inaugurated. 

Only  a  fraction  of  tbs  total  number  of  homes  was  sprayed  before  the  end 
of  the  fiscal  year  of  1945.  Spraying  began  in  moat  States  during  March,  and 
all  bat  oaa  State  had  started  by  tin  middle  of  April.  Hare  am  of  the  delay 
In  supplying  wpsipaaent  and  materials  to  meet  the  ssasutial  requirements  in 
all  8tatm,  only  housm  had  been  sprayed  by  the  and  of  the  local  year. 

Daring  the  last  half  of  1945, 412^00  bowses  in  123  counties  were  sprayed 
with  DDT.  Thio  program  was  repealed  ia  1944  to  operate  in  274  counties 
la  M  Status,  accomplishing  41 1^61  beaae  spray  applications.  With  thssxperi- 
auco  gained  frees  one  year’s  operation  and  the  increased  development  tf  eqaip- 
saaat  and  ontsrisls,  tbo  average  man-hours  required  for  raoidaal  spraying  were 
reduced  from  1.16  man-hours  per  haw  application  at  the  beginning  of  the 
1945  spraying  season  to  <X96  man-hour  at  the  end  of  the  year.  The  rate  of 
DDT  application  varied  from  State  to  State,  bat  the  program  average  was 
0J8  pound  per  house,  or  approximately  125  mg.  per  square  foot  for  the  aver- 
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rnmdt21. — AifllcitlMrfDnT  residual  array  la  the  Interior  of  a  rural  home. 


age  niir  Ikhii»  (tiff.  SI).  In  104.%  two  Mimul  applications  of  DDT  were 
made  at  the  rate  of  100  nig.  per  aqua  re  foot.  However,  evaluation  data  indi¬ 
cated  that  a  single  seasonal  application  of  200  mg.  per  square  foot  would 
be  equally  effective  from  the  standpoint  of  long-lasting  residual  spraying  and 
at  the  saute  time  would  be  more  economical.  Consequently,  from  IMS  this 
rate  was  nard  in  nearly  all  the  States. 

A  major  problem  involved  in  the  Extended  Malaria  Cant  ml  Program  oper¬ 
ations  was  to  obtain  (woper  equipment  in  time  and  in  atdfcient  quantity  to 
meet  project  requirements.  Procurement,  specifications,  testing,  and  modifica¬ 
tions  of  equipment  were  joint  reeponsibilities  of  the  Engineering  Division,  the 
Equipment  Unit,  and  the  Carter  laboratory  at  Savannah.  Numerous  types 
of  sprayers,  spray  nooks,  gaskets,  hose,  solvents,  emulsifiers,  and  other  items 
incidental  to  DDT  residual  spraying  were  tested.  Procurement  of  xylene- 
resistant  gasket  and  hose  material  was  the  most  serious  diftculty.  Of  the 
variety  of  gasket  materials  tested,  only  two  were  found  satisfactory  for  field 
me.  Three  kinds  of  synthetic  rubber  hose  proved  useable.  After  testing 
and  selecting  suitable  materials,  further  delay  was  experienced  in  furnishing 
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snrli  large  supplies  of  specialized  equipment,  liecii use  of  the  fuilure  of  various 
manufacturers  to  meet  delivery  schedules.  Most  of  the  difficulties  were  final ly 
overcome  so  that  field  crews  eventually  received  nil  essential  equipment. 

Residual  spraying  with  DDT  was  an  entirely  new  method  of  malaria 
control  for  civilian  purposes.  Field  testing  had  l wen  limited  to  projects  in 
Arkansas,  Tennessee,  Georgia,  and  Puerto  Rico.  Willi  only  a  hnndful  of 
trained  men  mid  the  must  critical  transportation  sitnation  in  the  history  of 
our  country,  nit  extensive  decentralized  training  program  was  set  up,  starting 
with  a  basic  course  at  the  Henry  Carter  Memorial  Laboratory  nt  Savannah. 
This  was  designed  for  District  and  State  supervisory  |wrsoimel  and  was  con¬ 
ducted  iis  a  series  of  discussions  niul  field  demonstrations.  As  a  result  of  this 
course,  tlie  nucleus  of  trained  men  was  increased  from  a  dozen  to  over  75, 
and  each  Extended  Program  State  laid  at  least  two  men  with  lirstlinud  knowl¬ 
edge  of  the  subject.  Decentralized  training  wit  bin  States  was  then  inaugurated. 
Each  State  arranged  for  a  training  course  for  area  sii|>ervisors  and  for  others 
charged  with  immediate  responsibility  for  doing  the  work.  Twii  mobile 
training  units  were  <s|ui|>|ie«l  with  literature,  training  aids,  and  equipment  and 
were  made  available  to  the  States.  An  officer  with  firsthand  ex|ierience  in 
Dl IT  residual  spraying  was  availalile  to  all  States  that  requested  assistance 
ill  conducting  their  iusorvi<v>  training  programs. 

Results  of  tlie  I)DT  training  program  can  In  measured  only  in  terms  of 
smooth  working  o|iemtious.  Tlie  fact  that  1,200  men  were  put  in  tlie  field 
within  2  months  and  carried  on  tlie  program  without  any  evidence  of  occupa¬ 
tional  hazards  major  public  complaints  or  operational  failure  testifies  to  the 
effect  iveness  of  tlie  job. 

Recwnse  of  tlie  low  malaria  rates  prevailing  at  the  time  and  tlie  errors 
of  available  luetlHsIs  of  measurement  during  the  low  ebb  of  tlie  disease,  the 
effectiveness  of  tlie  residual  spray  program  was  determined  entomologically ; 
that  is,  on  the  basis  of  its  ability  to  maintain  houses  free  of  A.  qwtdrim&cul <rf««. 
Random  inspections  of  a  number  of  premises  on  each  control  project  were 
made  at  monthly  intervals  after  the  start  of  spraying  to  determine  if  any  live 
anopiielines  were  present.  From  1948,  the  number  found  in  unsprayed  boosts 
adjacent  to  the  treated  areas  waa  also  determined.  The  results  of  these  surreys 
for  1945  and  1948  are  summarised  in  table  8.  It  is  trident  from  these  figures 
that  effective  control  at  malaria  mosquitoes  waa  achieved  in  counties  operating 
under  the  Extended  Malaria  Control  Program.  The  role  of  this  program  in 
■sain taming  the  downward  trend  of  malaria  incidence  in  this  country  may 
never  be  known,  but  in  combination  with  the  Malaria  Control  in  War  Areas 
program  it  must  have  contributed  significantly  to  the  negligible  level  of 
malarwuanees  in  the  continental  United  States  during  and  after  World  War  II. 

During  the  immediate  postwar  years,  continental  malaria  rates  declined 
■till  further  and  it  was,  therefore,  proposed  to  capitalise  on  the  existing 
situation  by  making  a  serious  effort  at  eliminating  malaria  from  the  United 
Statee  as  an  endemic  disease.  Thus,  the  National  Malaria  Eradication  Pro- 
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Taulk  8. — Summary  of  tHiomological  eurtry*  on  I  hr  extrmird  (renitlu  a!  rpray)  program, 
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gnun  ni  began  on  1  July  1947.  This  *u  mb  segmentation  of  the  prerkme 
Extended  Malaria  Control  efforts.**  As  a  result  of  these  measures  end  passa¬ 
bly  othm  ciitmutanme,  cases  of  truly  indigenous  malaria  became  dUfcalt  or 
impossible  to  find  in  sabseqnent  years.*1  These  facts  are  noted  here  because  it 
is  haliered  important  to  record  and  emphasise  this  essential  relationship; 
namely,  that  what  started  as  a  relatively  modest  extramilitary  malaria  control 
program  in  IMS  enhninated  in  1*47  in  the  lint  national  mehuia  eradication 
oaaepaign  of  sdbrtantial  dimenrions  This  directly  related  descendant  of  the 
combined  War  Areas  Malaria  Control  Prognuns  stimulated  other  malaria 
eradication  activities  in  rations  parts  of  the  world  end,  therefore,  was  of 
international  significance. 


“  Sh  fmtaott  sa  V-  M. 

■  trim,  I.  M.,  Qrmat,  I.  I  .  «aS  Frtu,  B.  T. :  HUti  ot  leenM  SwUmI  SetajSas  ut  «t 
?■> Irtil  Malaria  mi  Malaria  Oaatral  la  tfct  tJSJL  U  Wane  IM«  Orem.  II :  aee-M*.  tee*. 
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rum  zc — Ac4t*  araapli,  the  Teeter  of  jrellew  ferer  end  4eaase  along  the  raaetal  a  tree 
at  the  csatleeMal  Celt**  SUtae  frees  Vlrgtelaa  to  Texa*. 

Rrlstod  Activities 

la  addition  to  malaria,  than  awe  other  imect-borne  dmun  which  cotdd 
occur  within  the  continental  United  States  and  Ha  territories  and  wotild 
becsme  thrrmU  to  the  nulkarj  effort  if  they  ranched  epidemic  proportions. 
Of  thane,  yellow  ferer  waa  considered  the  moat  dangerous.  The  last  epidemic 
of  tide  dieesee  occurred  in  New  Orleans  in  1906,"  but  the  rector,  Atd m 
— yypfi  (fig.  S3)  was  present  along  the  conatal  nnaa  from  Virginia  to  Texaa. 
Furthermore,  epidemics  of  dengue,  an  incapacitating  disease  also  transmit  tad 
by  thin  mosquito,  had  flared  up  periodically  in  South  Carolina,  Georgia, 
Florida,  Alabama,  Louisiana,  Mississippi,  and  Texas.” 

■SnMh.  Beth  B. !  CsatrsiHa*  TUw  IWn.  Im  Tribr  Trrrr.  t*UH  hy  Oeora>  K.  Ilnh.  IK 

sauna,  ns*  Tsct :  McorsT  Hia  Bosk  cs.,  isoi.  a  tas. 

■  Iafsmetisii  m  aMaM  fisa  ths  Kstisaasl  Mn  at  Tlcsl  Ststbttn.  U.B.  PaMte  Baelth  Ssrr> 
tse  0.8.  Danrtsael  at  IMth.  BSaaesttse,  US  Saltan.  WeaMagass,  D.C. 
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In  the  years  before  World  War  II,  a  number  of  large  South  American 
cities  had  eradicated  A.  aegypti?'  Millions  of  dollars  had  lieeii  spent  on  these 
projects.  To  protect  this  investment.  Bolivia  Imil  pro|s>se<l  at  the  Kleveuth 
Pan  American  Sanitary  Conference  in  ltio  de  Janeiro  in  1942  an  A.  argypti 
eradication  project  to  include  all  tlie  Americas.  With  the  outbreak  of  war 
came  u  tremendous  increase  in  air  travel  and  the  very  real  danger  of  intro¬ 
ducing  yellow  fever  and  dengue  into  military  training  areas  in  this  country. 
There  was  also  the  possibility  that  South  American  health  authorities  might 
quarantine  airplanes  arriving  from  A.  aegypti-infested  cities  in  tlie  United 
States  which  could  have  seriously  impeded  tlie  U.S.  defense  effort.  As  a  re¬ 
sult  of  these  two  potentialities,  tire  anti-.l.  aegypti  program  was  instituted. 
This  was  a  lesser  activity  of  tlie  Malaria  Control  in  War  Areas  and  was  re¬ 
stricted  accordingly  in  funds  and  manpower;  thus,  great  emphasis  was  placed 
on  education  of  the  public  to  supplement  control  operations  aimed  at  eliminat¬ 
ing  major  breeding  foci.  Projects  of  varying  dimensions  were  carried  on  in 
Norfolk  and  Portsmouth,  Va.;  Charleston,  S.C.;  Savannah,  Oa.;  Jackson¬ 
ville,  Key  West,  Miami,  and  Tampa,  Fla.;  Mobile,  Ala.;  and  Brownsville, 
Corpus  Christ i,  Galveston,  Hidalgo  County,  Houston,  Laredo,  and  San  An¬ 
tonio,  Tex.  During  the  4  war  years,  some  4,700,517  premises  were  inspected. 

The  first  of  these  projects  was  started  at  Key  West  on  1  June  1942  with 
the  special  objective  of  eradicating  the  vector  species;  in  this  respect, 
it  differed  from  all  other  antiaedine  programs  undertaken  by  Malaria  Control 
in  War  Areas.  Each  room  in  every  dwelling  and  business  establishment  was 
visited  each  week.  All  mother  foci  of  A.  aegypti  breeding  were  system¬ 
atically  located  and  were  visited  and  treated  each  week.  Searches  were  con¬ 
tinued  for  casual  breeding  containers  such  as  tin  cans,  rubber  tires,  and 
outdoor  cooking  utensils.  When  breeding  was  discovered  indoors,  the  entire 
premises  were  sprayed  with  pyrethrum  Aerosol.  The  original  breeding  index 
of  18.2  was  reduced  to  less  than  one  percent  with  relative  ease,  but,  as  it  waa 
necessary  in  1944  to  redistribute  funds  and  manpower  to  give  protection  to 
more  critical  war  areas,  complete  eradication  was  not  achieved. 

In  most  other  projects,  the  numbers  of  premises  where  A.  aegypti  breed¬ 
ing  occurred  were  held  at  or  below  5  percent,  a  level  which  at  that  time  waa 
considered  to  be  the  threshold  of  sanitary  importance.  Mobile  A.  aegypti- 
control  units  operated  in  Savannah,  Ga^  and  New  Orleans,  La.  These  served 
a  double  purpose;  while  they  maintained  control  activities  in  these  cities,  they 
also  were  immediate] y  available  for  dispatch  should  dengue  or  yellow  fever 
be  reported  anywhere  in  the  United  States.  To  provide  farther  controls  in 
case  of  such  eventualities,  an  epidemic  plan  was  developed,  and  stockpiles  of 
yellow  fever  vaccine  and  of  mosquito  control  material*  and  equipment  were 
held  in  readiness  at  headquarters  in  Atlanta. 
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Fortunately,  it  was  not  necessary  to  use  tin*  epidemic  plan  in  llie  con¬ 
tinental  United  States,  blit  n  call  did  come  from  a  locution  remote  from  the 
mobile  units  and  stockpiles  of  equipment  and  supplies.  Dengue  was  reported 
in  Honolulu,  T.H.,  on  24  July  1843,  for  the  first  time  iu  30  years.51  This 
occasioned  some  alarm  in  Army  circles  both  because  of  its  sudden  and  unex¬ 
plained  appearance — which  was  finally  traced  to  an  infected  Army  Air  Force 
pilot  who,  during  bis  own  incubation  period,  bad  llmvn  a  plane  from  the  Fiji 
Islands  where  a  dengue  outbreak  was  in  progress — and  because  a  geucntl 
epidemic  in  this  urea  was  to  be  avoided  at  all  costs  during  1343  ns  llie  Islands 
were  to  be  the  staging  area  for  critical  cam]>nigiis  destined  to  turn  the  tide 
of  battle  during  tbe  fall  of  104.'!  and  the  spring  of  1344.  Dengue  built  up 
rapidly  until  it  was  necessary  on  8  August  1343  to  declare  Waikiki,  one  of 
the  world’s  greatest  centers  for  servicemen,  “off  limits’’  to  military  personnel. 

When  the  first  two  cases  were  reported,  the  Territorial  Board  of  Health 
took  immediate  action  against  the  spread  of  the  disease.  Nine  sanitary  in¬ 
spectors,  supplemented  by  24  new  employees  and  5  soldiers  (supplied  because 
of  tbe  military  importance  of  tlie  disease),  made  routine  exterior  inspections 
of  premises,  eliminating  mosquito  breeding  where  passible  and  suggesting 
corrective  measures  to  householders.  An  educational  campaign  was  also 
carried  on  by  press  and  radio,  and  printed  instructions  were  distributed  re¬ 
questing  residents  to  spray  their  homes  with  insecticide  and  to  eliminate  all 
water-holding  containers. 

In  spite  of  these  precautions,  the  number  of  dengue  cases  increased, 
especially  in  the  Waikiki  area.  During  the  latter  part  of  August  1343,  at  the 
suggestion  of  the  Surgeon,  Central  Pacific  Area,  UJS.  Army,  all  houses  in  this 
section  were  sprayed  with  undiluted  commercial  insecticide  using  high- 
pressure  chemical  warfare  decontamination  sprayers,  A  request  was  mads  by 
the  Territorial  Board  of  Health  for  assistance  from  the  U.S.  Public  Health 
Service,  ami,  on  or  about  1  September  1948,  a  sanitary  engineer,  Wesley  E. 
Gilbertson,  and  an  entomologist.  Dr.  Bobert  L.  Usinger,  from  Malaria  Con¬ 
trol  in  War  Areas,  both  experienced  in  A.  aegyptf-eontrol  activities,  were  sent 
to  Honolulu.  By  that  time,  148  cases  had  beast  reported.  Them  eases  were 
scattered  throughout  tbe  city,  thus  precluding  all  hope  of  confining  the 
epidemic  to  the  Waikiki  district  and  waking  citywide  coverage  essential. 
Thirteen  civilian  employees  together  with  a  medical  aSeer  made  available  by 
the  Army  to  do  epidemiologic  work  and  U  enlisted  men  were  added  to  the 
existing  mosquito-control  organisation.  Operations  begun  on  1ft  September 
1948.  By  the  end  of  the  fiscal  year,  ISO  men  were  employed  on  mgy tpti  con¬ 
trol  in  Honolulu  by  the  Army.  The  city  was  divided  into  districts  and  sonet 
of  such  sine  that  one  man  could  inspect  the  inside  and  outside  of  each  of  the 
prom  iMi  in  the  none  within  10  days. 
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Chart  6. — Trend  of  dengue  enter  compared  tcilh  rainfall  and  the  Aedes  breeding  Index 
during  the  dengue  epidemic  in  Honolulu,  T.H.,  lBtf-H 


Ante  control  in  the  Hawaiian  Maadi  involved  two  epecice,  mefypti  and 
•Ihopict**,  both  of  which  were  involved  in  the  tran— ieeion  of  dengne.1*  The 
inapeetion-oorrectian-edocaticw  nMthod  waa  need  to  rednoa  the  breeding  indieaa 
of  thaaa  apeciaa  in  and  aroond  dwellings,  while  aiarakaneana  higfa-preaanre 
•praying  wkh  aaanlaifiad  pyrethwm  haroaane  nustoree  waa  need  to  fog  entire 
arena  of  high  dengue  prevalence.  This  treatment  of  the  epidemic  foci  was 
followed  by  a  sharp  redaction  in  n ambers  of  new  caeca.  The  oatbreak  readied 
Ha  peak  in  October  IMS  (chart  6),  bat  the  end  of  Jane  1044  the  attack  rate  bed 
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subsided  to  less  than  one  case  per  week.  No  cases  were  reported  during  the  Inst 
2  months  of  1944  and  the  first  4  montlis  of  1945.  The  total  number  of  civilinn 
cases  was  1,506 ;  of  military  personnel,  56. 

The  Malaria  Control  in  War  Areas  organization  also  undertook,  on  a 
reimbursable  basis,  the  control  of  certain  obnoxious  insects  for  the  Armed 
Forces  when  this  could  be  done  advantugeously.  In  several  instances,  pest 
mosquito  reduction  projects  were  thus  extended  into  civilian  areas  near  military 
establishments  to  provide  greater  freedoi  i  from  the  continual  annoyance  of 
bloodsucking  insects,  with  consequent  improvement  in  the  physical  effective¬ 
ness  of  military  inductees  during  their  training  experience.  Similarly,  the 
control  of  stable  flies,  Stvmoxy t  calcitrant,  on  the  north  Florida  beaches  to 
protect  Army  Air  Force  personnel  from  the  depredations  of  these  vicious  biters 
was  undertaken  jointly  with  the  Bureau  of  Entomology  and  Plant  Quarantine 
of  the  U.S.  Department  of  Agriculture. 

Evaluation  of  Malaria  Control  in  War  Areas  Activities 

As  shown  in  chart  3,  the  rates  of  reported  civilian  malaria  morbidity  and 
mortality  continued  to  decline  during  the  war  years  with  no  indication  of  an 
upswing  due  to  cyclical  manifestations.  Probably  many  factors  were  involved 
in  producing  this  result,  but  it  seems  evident  that  among  the  major  ones  were 
the  competent  leadership  and  conscientious  workmanship  of  the  Malaria  Con¬ 
trol  in  War  Areas  and  the  State  health  departments  concerned. 

The  best  measure  of  effectiveness  for  intramilitary  and  extramilitary  ma¬ 
laria  control  efforts  is  displayed  in  table  4  which  contrasts  the  continental 
Army  malaria  admission  rates  during  the  5-year  periods  beginning  in  1917  and 
1941,  representative  of  World  War  I  and  World  War  II  experience  with  this 
disease.  Table  9  shows  real  progress  in  malaria  control  accomplishment  in  the 
24-year  interval  between  the  two  World  Ware. 

CONCLUSIONS  AND  RECOMMENDATIONS 

The  conclusions  reached  from  this  account  of  malaria  control  activity 
within  and  near  military  areas  in  the  continental  United  States  is  that  a  caps* 
Me  job  was  done  both  by  the  military  personnel  concerned  with  the  former, 
and  by  the  civilian  organisation  developed  for  the  letter.  The  joint  objective 
of  three  two  opera tione  was  to  protect  military  trainees  from  malaria.  Ma¬ 
laria  morbidity  was  held  to  progressively  end  virtually  unprecedented  lower 
levels  in  this  group  during  each  succeeding  yesr  of  World  Wsr  II.  In  addi¬ 
tion,  the  achievements  of  the  combined  War  Areas  Malaria  Control  Programs 
contributed  directly  to  the  attempts  to  eradicate  malaria  in  this  country  and 
abroad.  This  experience  proves  the  feasibility  of  cooperative  and  productive 
accomplishment  by  military  and  civilian  health  authorities. 
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Therefore,  it  is  rewuinieuded  that,  if  tlie  nml  should  ever  arise  npiin,  the 
Armed  Forces  find  the  U.S.  Public  Health  Serviiv,  urliujr  in  lielmlf  of  tlie 
State  healih  departments,  should  wllubonite  on  essentially  the  same  basis  os 
they  did  in  World  War  II. 


Tahlk  9. — .['imitation*  anti  attack  rate*  of  malaria  acquired  by  U.S.  .  irmy  ftrcMonnel  in  can* 
tincntal  United  State*,1  by  month  amt  year,  Wt7  41  a  ml  ,\ti 

(Hate  ex)*ts»ed  as  number  of  ruses  per  annum  )«r  I.WI  nvrrajn  strength] 
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•  The  rate*  shown  fur  1*17-11  ami  1*41-47  were  not  reported  aa  having  been  acquired  In  the  Unite*!  State*  hat  as  re¬ 
porting  to  u  nnslk'ol  Imminent  facility  In  the  I'nitel  States.  It  to  nawtol  that  meet  of  three  ream  were  acquired  in  Ike 
United  States.  Tlie  n*t*w  fc» r  IMS  were  estimated  Iwsed  on  summary  report  data.  For  1^44  Mid  1*44,  the  Pftattotlcal 
Health  Rrfurt  furnished  dutu  on  new  of  malaria  acquired  In  the  United  State*. 

i  Hafers  to  ruse*  in  a  tilrh  malaria  (new)  was  tbs  primary  rouse  of  odmMon  to  a  medical  treatment  fectlitjr.  During 
part  of  this  period,  however,  seemaiury  roars  of  malaria  may  have  lean  lartuded  III  the  admission  rale. 

i  Consist*  of  rnakria  shown  as  the  cause  of  admission  (whether  new  or  recurrent)  os  weft  os  malaria  wMeh  was  trrand 
ary  to  sntwt*  other  iwlinUsfcm  dlagnusta. 

♦  Data.  oat  available. 

Bourne :  <1)  The  Medical  Department  of  the  United  States  la  the  World  War,  Vet.  XT,  Itathtteh 
Part  2.  It  IT-1*.  42)  Anneal  reports  at  The  ftarpeea  Oeaernt,  IT.B.  Army.  1*21  and  1*23.  (» 

Periodic  summaries  W  Statistical  Health  Report  (prevlslsaal),  1*41-43. 
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The  South  Atlantic  and  Caribbean  Areas 

Luther  S.  West ,  Pk.  D. 

Part  I.  General  Considerations 

The  total  geographic  area  covered  by  this  report  extends  approximately 
from  30°  north  latitude  to  40°  smith  latitude  and  from  30°  west  longitude  to 
95°  west  longitude.  It  comprises  both  tile  Caribbean  Comnmnd  and  tlie  South 
Atlantic  Command  at  their  greatest  ex|iausioii  during  the  war  years,  1941-45. 
The  Caribbean  Defense  Coininnnd  consisted  of  the  Panama  Canal  and  Antilles 
Departments,  represented  in  prewar  years  by  permanent  installations  in  the 
Canal  Zone  and  tlie  island  of  Puerto  Rico. 

War  Department  Pamphlet  No.  8-2,  dated  2  April  1M3,  indicates  that 
malaria  was  most  prevalent  in  tropical  regions  of  Central  America  and  in 
the  great  river  basins  of  South  America,  especially  those  in  Brazil,  the 
Guinns*,  Venezuela,  Colombia,  and  Northwestern  Argentina.  It  is  believed 
to  occur  in  nil  Caribliean  islands  except  Barbados  and  the  Netherlands  Antilles. 
In  some  areas,  up  to  80  peroeiit  of  the  native  population  may  show  infection. 

The  soutliem  range  of  malaria  in  tlie  New  World  terminates  at  32°  south 
latitude,  in  Cordoba,  Argentina.1  The  only  recorded  exception  was  a  brief 
epidemic  in  1 935-37  near  Mendoza,  nt  33°  south  latitude.  No  cases  have  been 
reported  in  Brazil  south  of  the  30th  parallel,  and  in  Chile  the  disease  does 
not  occur  south  of  the  Pica  stream  in  the  Province  of  Tarapaci,  at  20°30'  south. 

The  malaria  problem  in  these  areas  has  long  been  my  real.  The  preva¬ 
lence  of  the  disease  in  tlie  native  population  of  various  Central  American, 
Sooth  American,  and  West  Indian  countries  has  played  its  part  in  sapping 
the  energy  of  these  peoples  and  in  preventing  the  attainment  of  economic 
standards  which  natural  resources  and  commercial  opportunities  would  other¬ 
wise  have  made  possible.  Couveraely,  a  low  economic  level,  whether  doe  to 
malaria,  bookworm,  other  diseases,  or  merely  to  overpopulation,  as  in  certain 
of  the  Antilles,  provides  little  money  for  expenditure  on  public  health.  Than, 
most  of  the  governments  concerned,  though  realising  the  need  for  malaria  con¬ 
trol,  were  not  able  to  command  the  funds  necessary  to  utilize  approved  control 
procedures. 

The  example  set  for  the  Central  American  Republics  by  the  United  States, 
in  connection  with  the  sanitation  of  the  Canal  Zona,  had  both  a  desirable  and 

•  Hackrtt  Uwfc  W.:  DfcMterttea  «C  Valuta,  h  Mikmiin,  em  Sy  Mirfc  r.  But  rate- 
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an  undesirable  effect.  The  practical  elimination  of  mosquito  breeding  by  the 
use  of  oiling  aiul  drainage  tccluiiqiie*  showed  what  could  be  done,  tuid  stimu¬ 
lated  imitation.  The  enormous  expense  involved,  however,  lntnle  it  abundant  ly 
clear  that  the  Republics  could  not  hope  to  raise,  by  any  system  of  taxation, 
sufficient  money  to  parallel  the  U.S.  achievement.  Educational  effects  were 
nevertheless  apparent  in  the  greater  use  of  screens  or  bed  nets,  avoidance  of 
unnecessary  exposure  during  the  luting  hours  of  vector  s|>ecies,  and  in  other 
ways.  These  practices  were  more  closely  followed  in  villages  and  towns  than 
in  open  country,  as  evidenced  by  a  higher  spleen  rate,  for  example,  among 
children  who  were  trans|>orted  to  village,  schools,  than  among  those  who  lived 
close  by. 

In  contrast,  however,  is  the  fact  that  native  populations,  in  all  tropical 
regions,  tend  to  develop  a  degree  of  tolerance  to  malarial  infection,  so  that 
adults  though  perhaps  exhibiting  a  parasitemia  may  be  relatively  free  from 
morbid  svmi>toms.  Except  for  exacerbations  brought  on  by  fatigue,  malnutri¬ 
tion,  chilling,  or  illness  of  some  other  type,  they  may  carry  on  effectively  for 
long  periods  of  time  and  be  neither  a  burden  to  themselves  nor  to  others.  Both 
natural  selection  and  immune  reaction  are  involved.  Natural  selection  operate* 
largely  through  infant  mortality,  the  survivors  being,  it  may  be  assumed,  some¬ 
what  better  fitted  by  nature  to  cope  with  the  parasite.  This  selected  group  then 
stands  to  profit  by  whatever  immunity  can  be  developed  through  repeated 
exposure  to  infection.  It  should  be  pointed  out  that  frequent  reinfection  is 
necessary  to  accomplish  this.  Such  an  immunity  is  termed  premunition.  If  the 
individual  remains  free  of  parasites  for  any  considerable  period  of  time,  his 
immunity  is  lost.  Untreated  natives  have,  of  course,  but  little  opportunity  to 
become  parasite  free. 

The  introduction  of  a  new,  non  immune  population  into  a  malarious  area 
is  always  a  hazardous  procedure.  As  long  as  the  newcomers  arrive  in  relatively 
small  groups,  make  plans  for  their  own  medical  protection,  and  tend  to  engage 
in  more  privileged  occupations  (executive,  clerical,  professional),  no  great 
challenge  of  existing  practices  » likely  to  occur.  If,  oo  the  other  hand,  them 
should  be  an  influx  of  some  numbers  destined  to  engage  in  common  labor  and 
to  live  under  perhaps  lorn  than  desirable  sanitary  conditions,  an  epidemic  among 
the  new  arrivals  is  almost  certain  to  take  place.  The  arrival  of  troops  from  a 
nonmnlariona  region  parallels  this  example  in  its  first  aspect  because  the  duties 
of  military  personnel  necessarily  take  them  into  situations  where  risk  of  infec¬ 
tion  may  be  very  greet.  The  second  problem,  involving  living  conditions  and 
especially  boosing,  need  not  exist  if  there  be  roScient  advance  knowledge  of 
control  procedures,  the  means  to  apply  them,  end  effective  instruction  of  the 
troops.  Actual  combat  conditions  may  destroy  all  this,  at  least  temporarily, 
but  since  this  discussion  is  concerned  with  sn  area  in  which  no  fighting  took 
place,  it  is  unnecessary  to  go  further  into  this  aspect  of  the  subject. 
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INCIDENCE 

Central  and  South  America 

During  the  year  1041,  malaria  caused  the  death  of  1,178  persons  in  the 
United  State*.'  This  represented  a  malaria  death  rate  of  0.0  |>er  100,000  in- 
habitants.  It  trill  be  evident  from  table  10  that  malaria,  at  tlie  outbreak  of  the 
war,  was  a  much  more  serious  matter  in  most  of  tlie  other  American  Republics. 

The  statistics  in  table  10  make  clear  tbe  extent,  as  well  as  the  importance,  of 
the  malaria  problem  in  selected  geographic  areas  in  Central  and  South  America. 


TaSLK  10. — Malaria  tu  a  rt fried  nine  •/  death  in  Central  n*d  South  Amerienn  Republic* 
and  neifkbarinf  Stale*,  milk  eeleete* I  example * 
ia*fa  wpwwil  a*  number  W  dnllH  pet  HMa  pm  mejnn  pnuhliml 


116 


COUSIL'XICAlll.K  DISK.VSES 


U.S.  Army,  1942-45 

During  t lie  war  years,  tiie  jiersminel  of  tin*  IT.S.  Army  suffered  more  or 
less  seriously  from  malaria  (tallies  11  through  15).  From  a  global  standpoint, 
the  year  1943  was  certainly  the  most  shinning.  In  I  At  in  America,  however, 
where  troop  concentrations  were  well  ninlerwny  at  the  outbreak  of  the  war, 
1942  became  the  year  of  disastrous  experience,  followed  by  ratlier  consistent 
improvement  for  tlie  remainder  of  the  war  period. 

The  figures  given  in  tire  tables  are  adapted  from  material  supplied  by  the 
Medical  Strtistics  Division,  Office  of  The  Surgeon  General,  U.S.  Army. 


Ta»lk  11. — X  timber  of  mart  1  and  ■/furl  rtUtt  •/  malaria  in  Ibe  U.S.  .Irmy,  trarUwidt  and 
Latin  Amenta,  by  type  of  Plasmodium  and  year,  injj-j.l 

lITtUmlnary  ttata  b*«d  on  mmpto  ubuUttons  of  tiwti  vldaal  nunHcnl  rrrcrdsl 
(Rite  oipmod  u  tmaber  W  wn  per  uhmib  per  IjHI  amair  MmurthJ 


WnrMtMr  lsittln  Amnicu 


Type  of  Jim mrttmm  amt  jrw  of  ittiaMon 

1 

Number 

Katr  | 

Niuahrr 

iut* 

Mein riii,  all  forms:  j 

1042 _  1 

23.  207  j 

7.18 

11,042 

108.34 

itm _  _  ...... 

174,  867 

15.  45 

4,874 

4U  34 

1044...  _  1 

IftH,  155 

21.58 

1.245 

14.51 

1045  . . 

126.  010 

111  05 

730 

1U  10 

Total . . . 

41*1,  300 

10.  43 

17,801 

47.05 

Vita*  malaria: 

1042—. . . 

11,435 

X  53 

7,67* 

75.27 

IMS  _ _  - 

W,  221 

i:t  43 

3,430 

2&  36 

1*44  . - . . 

120,  RIO 

16  66 

900 

11.54 

1*45  _  ---  .  - 

107,  810 

14.  51 

56ft 

7.88 

Total . - . 

341,276 

13.47 

1X657 

3X2* 

falciparum  malaria. 

27.M 

104* . . 

4,4*1 

X«n 

1042  _  . . . . . . . 

28,2*0 

12,921 

*,*7* 

1, 173 

ft  71 

1944  _ _ _ _ _ 

■n 

122 

i*» . 

.7* 

lie 

100 

Tata) . - . . 

*1,28* 

108 

4.2*6 

11.20 

1*4* . . . 

122 

ft  *4 

a* 

ft  3ft 

1942 . . . . . . . . 

Mft 

.  N 

32 

.27 

1*44 . 

80* 

.  10 

6 

.« 

1*45 . — 

270 

.04 

5 

.07 

Total .  . 

1,877 

ft  07 

108 

i  — 

ft  27 

-■--W  ■  ft  1  IM 

■wMaaMatsaiattaMs. 
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Table  II. — \ umber  of  ca*t*  1  ami  tiltiek  rale*  of  malaria  in  Ike  ( ’.S.  Army,  unrhhride  and 
Latin  America,  by  type  of  Plasnudmtn  and  year,  W  — Continued 


I  W«tMwhh<  |  l^alln  Anx-rka 

Ty|w  of  t’Uummdium  ui*l  year orf wlmtaiMi  | _ _ _ ...  . _  ..  < 


Numlrr  1 

Knlr 

Numht-r 

Hulr 

Mixed  malarial  iiifiTtHHin: 

1042 . . . . . 

. !  216 

a  07 

127 

1.  25 

1043 . . . . . 

. i  1,  103 

.  17 

20 

.24 

1044 _ _ _ _ _ 

_ !  1, 130 

.15 

5 

.00 

1045 . . . 

.  885 

.12 

0 

Total . . . 

.  3,444 

a  14 

161 

a  42 

(Xher  and  ui'*p)-cifk-d  form*  u(  malarin: 

! 

1042 . . 

. j  7,013 

£  16 

381 

174 

1043 _ _ _ 

. I  52,400 

7.  04 

200 

1.  73 

1044 _ _ _ _ 

_  23, 4*0 

3.01 

45 

.52 

1*45 _  _ 

.  11,470 

1.34 

10 

.  14 

Total . . . 

.  04, 422 

! 

:i  7.1 

<U5 

1.70 

1 Cnmd*t**tm*w  klmlwtotw  tad  ntdaUMM  lor  aularla  v  wrii  ux  «Ttn«tvy  rwi  in  «Mrh  wIbMm  vaaloralkr 
m,  kut  la  wkfck  — lorki  eifart H  eoanarmitly  «r  drrri»f»d  wtiaqMHWiy. 


Table  12. — Incidence  of  malmrin  m  ike  U.S.  Army,  bp  arm  and  pear,  VJW  +t 


(1‘wWwlwry  i lata  Inard  *m  ammpk  ol  MIyMmI  Midlrtl  r#wrl»l 

l  Rate  nptMwI  m  mnmtm  el  wtaMuM  per  unaaai  per  MBirmp 


1 

T«ul  Anw 

|  1 

|  t'A  troop*  In  I’aoaau1, 

1 

I'i.  troon  la  I'nu  ! 
at.'  i 

Native  failo  Rican 

Umtmt 

Yar 

1  ..  . 

! 

|  | 

Bale 

|  Natality  ! 

■ate  | 

NaaOor 

Kate 

■ate 

1*40. . 

2.370  | 

7.04 

1, 178  1 

54.  74 

1*1 

7121 

200 

147.30 

1*41 . . 

*,364 

4.74 

1,  534 

SI.  01 

4*4 

77.48 

1,1*1 

«aa» 

i  hrtBli  oaEteoi  mm  *wky. 


Table  13 . — M«  due  In  mnltrin  in  UJi.  Arm p,  bp  nrm  nmd  feme,  I»^/ 


Ta> 

Tate! 

Mmp 

B 

B 

la  rano 

»• 

Mattel  n 
k 

wte  Rteaa 

mrn 

N-Nr 

■ate 

CSS 

D 

■ate 

Hank* 

■ate 

1M0 . 

4 

1.  It 

B 

11  *4 

0 

0 

1*41 . 

17 

1.27 

fl 

ia  03 

1 

1108 

1 

&u 

HirrMfeiMkMMNty. 
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Table  14. — Death*  dye  to  molorin  in  the  l'J$,  Army,  trorUhcide  and  Latin  America,  by  type  oj 
Plaxmodimn  am. i  year,  1 94 4-1$ 


IITrliminary  data  boird  o»  talmlaticns  of  ta  dividual  medical  rf«r>b) 
[Rate  exprenwd  a*  nuinlm  of  deaths  per  year  j»t  lOO.uutt  avcra**  strength] 


Type  of  PH*  medium  and  year  of  death 

Worldat.lr 

Uiti.1  America  1 

Nunthrr 

Rlllr 

Numlar 

Hate 

Miliaria,  ull  form?: 

i 

1942  _ _ _ 

25 

1X77 

12 

n.  n 

1943 _ _ _ _ _ 

113 

1.  64 

4.  14 

1944. . . . . . . 

89 

1.14 

• 

1. 17 

1945 . . . . . . . 

75 

1.01 

0 

Total . - . . . . j  802  j  1.19  IK  4.73 


Vim*  malaria : 

1 

1912 - - - - 

5 

ft  15 

3 

2.94 

1943 _ _ _ ! 

25  ! 

.  36 

* 

1.  66 

1944 _ _ _ 

10  j 

.24 

0 

1945 _ _ _ _ _ 

19 ! 

.26  ; 

i . ! 

0 

Total - - - 

AH 

i 

ft  27 

5 

1.  32 

Fakipmnm  malaria: 

I 

1943 _ _  _ - . 

it 

ft  34 

7 

6  87 

1943 - - - - i 

47 

.69  ! 

2 

1.66 

1944- - - - - 

« 

.41 

1 

1.  17 

1943 .  . . . . . ; 

» 

.46  ! 

0 

Total . . . 

m 

< 

ft  49 

10 

262 

Mixed  Malarial  infection* : 

i 

IMS . . . 1 

0 

0 

IMS . . .  . . . 

i 

0 

1*44 . . . 

3 

.04 

j" . 

0 

1945 . . 

2 

w 

0 

Total . - . 

• 

&  03 

1 

|  0 

Other  and  m—peelSed  forma  of  malaria:  * 

t 

1 

IMi .  . 

9 

ft  28 

2 

1.  96 

1943. . 

40 

.38 

1 

.82 

1944 . - . , 

11 

.43 

9 

1941 . 

19 

.  29 

9 

TdUL . 

101 

a  4i 

9 

ft  79 

<An»«l 
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Table  15. — Afimi»*ion*  ami  deaths  from  fever  of  undetermined  origin1  m  the  total  L’.S.  Army 
and  im  the  Latin  American  area,  by  year,  1042-46 

IMniMw  rale  t»py— I il at  nuin  bar  per  amiuro  p*r  lfoo»*v»Tmre  strength) 

(Datth  r*U  npn mbJ  mi  number  pec  annum  per  111MN0  average  strength] 


Total  Army  !  Latin  Anirrlra 


X  umber 

Hut* 

Vumlvr  | 

Rule 

i 

AdmMsnt 

1U42  . 

1943 

7,711 
40  IK! 

2.  38  i 
5l  ha  1 

1 

4,385 
2,  340 

4a  02 

10.  37 

11.  OS 
13.  05 

1044.  _ 

1045.. . . 

. 

'  52, 580 

1  42, 270 

a  75 
5  09 

051 

1,000 

Total _ 

. -  142,  r.» 

|  5  63 

8,676 

22.  82 

Drat  ha 


1042 . . . 

1 

.  3 

1 

a  ou 

0 

104=4 _ _  _ 

_  5  ; 

.07 - 

0 

1044 . . 

. 1  13 

.17  _ 

0 

1915 _ _ 

-  !  »| 

.07  L. 

i 

0 

Total .  -M  !  a  10  !  .  ...  1  0 

|  I  i 
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ANT1MALARIA  ORGANIZATION 

The  malaria  control  machinery  of  the  various  Republics  and  European 
possessions,  included  in  thin  extensive  area,  differed  greatly  in  magnitude  and 
eUciency  at  the  outset  of  the  war.  Wherever  the  local  government  organiza¬ 
tion  was  well  developed,  and  more  or  less  experienced,  as  in  Brasil,  cloee  co¬ 
operation  was  sought  by  U.S.  authorities,  and  cooperative  administration  of 
control  activities  in  the  vicinity  of  military  installations  was  the  rule.  This  was 
particularly  true  near  the  several  bases  used  for  air  transport  purposes  along 
the  Atlantic  ooaat.  In  other  areas,  the  full  responsibility  had  to  bo  assumed  by 
military  authorities,  llore  detailed  information  will  he  given  in  connection 
with  the  history  of  particular  installation*. 

By  IMA,  tliere  were  70  malaria  survey  units  and  153  malaria  control  units 
working  in  oversea  theaters  throughout  the  world.*  In  addition,  non  medical 
anti  malaria  details,  consisting  of  one  noncommissioned  oUeer  and  one  or  more 
additional  enlisted  men,  were  assi  sted  to  serve  individual  companies,  batteries, 

•  Mmhh.  Ium  Btertaa :  Caatral  rf  Malaria  la  Iba  I'alM  Stain  Arm,,  /a  Malarlil.tr,  UM 
fa,  Mark  V.  Hart.  FMaialWta :  W.  »■  Bautin  Ca,  1040.  rat.  It.ee.  14SS-14SS. 
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or  siinilnr  units  in  malarious  areas.  These  carried  out  minor  control  measures 
anil  watched  for  breaches  in  malaria  discipline. 

The  malaria  survey  units  consisted  of  11  enlisted  men,  directed  by  2  of¬ 
ficers  of  the  Sanitary  t'orps,  one  an  entoinolopst  and  one  a  parasitologist. 
Control  units  consisted  of  1  sanitary  engineer  and  1 1  enlisted  men.  Such  units 
were  trained  and  equipped  to  carry  out  ami  supervise  large-scale  malaria  con¬ 
trol  programs.  Survey  units  and  control  units  frequently  assisted  one  nnother 
in  adjacent  areas. 

CONTROL  ACTIVITIES 

As  in  other  theaters  of  operations,  nialurin  control  activities  in  the  Carib¬ 
bean  and  South  Atlantic  Commands  were  divisible  iuto  three  general  types: 

1.  Permanent,  improvement,  of  the  environment,  by  drainage,  filling,  in¬ 
stallation  of  floodgates,  nud  oilier  engineering  procedures.  These  activities 
were,  of  course,  exiieusive  mul  were  only  followed  wliere  longtime  use  of  tlie 
area  by  military,  industrial,  or  commercial  interests,  with  attendant  conceutra- 
i  ion  of  population,  seemed  assured. 

2.  Temporary  control  measures  of  various  kinds,  calculated  to  protect  large 
numbers  of  individuals,  were  employed  but  were  effective  for  only  limited 
periods  of  time.  If  the  installation  continued  to  function  longer  than  orig¬ 
inally  expected,  such  procedures  had  to  be  repeated  at  required  intervals.  The 
nse  of  larvichles  in  breeding  places,  the  screening  of  barracks,  and  later,  residual 
spraying  of  quarters,  inside  and  out,  are  examples.  The  eventual  employment 
of  DDT,  from  the  air,  to  render  large  areas  temporarily  free  from  vector 
species  falls  here  also.  It  was  justified  only  in  connection  with  the  movement 
of  large  bodies  of  troops  in  combat  areas,  or  in  the  carrying  out  of  large-scale 
maneuvers. 

3.  Measures  usually  classed  under  the  head  of  malaria  discipline.  The 
wearing  of  protective  clothing,  remaining  in  protected  buildings  dnring  the 
hours  of  greatest  anopheline  activity,  and  the  consistent  application  of  re¬ 
pellents  are  examples.  Proper  nse  of  jungle  hammocks  may  he  included. 
These  practices  were  valuable  in  combat  zones,  while  on  maneuvers,  and  in 
temporary  bivouac  anas.  For  them,  the  individual  soldier  was  held 
responsible. 

Malaria  discipline  included  the  application  of  repellents.  Gnnett,*  at  the 
time  a  research  fellow  at  Rutgers  University,  New  Brunswick,  NJ,  mm* 
■armed  the  attributes  of  a  suitable  repellent  for  am  by  the  Armed  Forces: 

The  wprilsat  arast  baaCCrtlva;  Le,  It  moat  beaMe  te  preveet  bitlas  by  away  pasts  for 
teas  periods  ot  tbae  even  aadtr  adune  coadltloaa.  It  waat  not  be  lafuhw  te  the  an 
or  anr  article*  at  riot hlaf  or  objects  he  awy  touch.  It  arast  naaaeai  cartala  aalataWaasam 
properties  —eh  M  as  acceptable  odor,  availability,  ut  stability,  aader  stecape  or  arid  use. 


‘Ouse.  P. :  Iha  BIcaitowM  tt  tto  Pnriopawat  of  M»»sell#  liuSeO  tor  tho  Fnrtritoa  «t 
mntary  sat  CtvHUa  Papeisttaa*.  Pm.  SJ.  Mssf.  Kstoneia.  Am  M:  SS0-31S.  IMS. 
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Tlie  most  satisfactory  list  of  insecticides  and  repellents  as  developed  for 
the  Anned  Forces  is  found  in  U.S.  Department  of  Agriculture  Miscellaneous 
Publication  No.  t'SJti  releastnl  in  August  l!)4ti.  Diggers  ti  12  (2-etliyl-l,  :i-lie.\nne- 
diol ) ,  Jndalonn  (butopyronoxyl),  nml  dimethyl  plithalate,  alone  and  in 
combination,  excelletl  ns  re|»etlents. 

A  memorandum  from  Headquarters.  South  Atlantic  Ferrying  Wing,"'  lists 
precautions  to  be  taken  by  the  various  commands  wherever  conditions  wen 
such  as  to  require  them : 

1.  Effective  screening  and  mosquitoprooling  of  all  buildings  occupied  l»y 
troops. 

2.  Use  of  mosquito  bars  or  netting  for  sleeping. 

3.  Prohibition  of  loitering  or  sitting  in  unscreened  buildings  or  outdoors 
when  not  required  by  military  duties,  between  dusk  and  dawn.  Wearing  of 
protective  clothing  by  personnel  on  outdoor  duty  during  these  hours. 

4.  Systematic  spraying  of  barracks,  kitchens,  messhalls,  storerooms,  and 
recreation  buildings  wliere  indicated. 

5.  Keeping  of  doors  tightly  closed.  Prompt  reporting  and  repair  of  holes 
in  screening.  Enforcement  by  periodic  inspection  of  buildings. 

6.  Elimination  of  local  breeding  places  of  mosquitoes.  Spraying  with 
larvicide  recommended  wliere  practical. 

7.  Spraying  of  aircraft  as  directed  by  regulations. 

8.  Use  of  chemical  prophylaxis  in  areas  indicated. 

The  protection  of  personnel  from  malaria  and  the  disinsectization  of 
aircraft  were  considered  command  functions. 

MILITARY  DEVELOPMENT 
Mission 

The  missions  of  troops  in  the  Caribbean  and  South  Atlantic  were  various 
bat  not  especially  complex.  They  were  both  offensive  and  defensive,  the  latter 
being  more  important  during  the  early  years  of  the  war.  American  territory 
had  been  attacked  at  Pearl  Harbor,  and  it  was  considered  highly  probable  that 
the  enemy  might  attempt  to  gain  control  of  the  Panama  Canal,  or  at  hast  to 
cripple  its  operation.  The  United  States  was  also  intonated,  jointly  with  the 
British  Government,  in  maintaining  fall,  functional  use  of  the  West  Indies. 
The  greatest  menace  in  the  West  Indies  consisted  of  German  submarine 
activity  against  Allied  shipping. 

In  September  1M0,  the  United  States  acquired  bases  on  Bermuda,  Exuma 
(Bahama  Islands),  Jamaica  (at  Kingston),  Antigna  (Leeward  Islands),  Saint 
Lucia  (Windward  Islands),  Trinidad  (Great  Britain),  and  Georgetown 
(British  Gniana). 


•  SiSmI  HWsi  W«rM  War  II.  DA  A  raj  rams,  Scat*  Allaitle.  I||I»U|H  tluwtr.  [on- 
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As  the  Allies  gathered  strength  for  the  African  offensive,  the  importance 
of  these  airbases  in  both  the  Antilles  and  northern  South  Amcrira  became  much 
greater  and  necessitated  more  and  larger  installations,  with  emphasis  on 
transport  function  rather  than  aerial  defense. 

Transport  of  lend-lease  equipment  had,  of  course,  been  n  function  of  many 
of  these  bases  from  the  beginning. 

Meantime,  both  Puerto  Rico  and  the  Canal  Zone  were  Ixdng  developed  as 
training  centers  for  troops  intended  for  employment  in  jungle  warfare.  An 
important  training  urea  was  developed  and  maintained  in  southern  Trinidad 
(by  the  IWd  Infantry).  It  was  necessary  that  this  training  be  both  realistic 
and  thorough,  if  survival  and  success  in  Asin,  South  Pacific,  and  tlie  Philip¬ 
pines  were  to  be  achieved.  An  important  phase  of  such  training  consisted  of 
instruction  concerning  the  nature  and  transmission  of  malaria,  as  well  as  prac¬ 
tice  and  discipline  in  the  use  of  thone  preventive  and  suppressive  practices 
which  are  under  tlie  control  of  tire  individual  soldier.  In  patrol  activity  and 
in  actual  combat,  tliese  are  the  chief  measures  available. 

The  mission  of  troops  in  the  Caribbean  and  South  Atlantic  may  thus  he 
summarised: 

1.  Defense  of  the  Panama  Canal  and  adjacent  areas. 

2.  Defense  of  the  West  Indies,  particularly  with  a  view  to  suppressing 
German  submarine  activity. 

3.  Provision  of  a  chain  of  bases  along  which  both  troops  and  supplies  might 
be  transported  to  tlie  African  theater. 

4.  Provision  of  a  training  urea  in  which  conditions  of  jungle  warfare 
might  be  duplicated  or  at  least  paralleled. 

3.  The  disciplining  of  troops  in  regard  to  prevention  of  tropical  and  para¬ 
sitic  diseases  (including  malaria)  with  which  they  were  sure  to  be  confronted, 
both  in  African  and  in  oriental  service. 

This  last  objective  was  not  recognised,  at  first,  as  being  particularly  im¬ 
portant,  and  was  not  defined  in  early  directives.  Experience  in  the  Pacific 
theater  soon  forced  attention  to  there  problems,  however,  and  the  inclusion  of 
malaria  discipline  became  a  routine  matter  in  preparing  troop*  for  foreign  duty. 
11m  acceptance  of  responsibility  on  the  part  of  ofilcere  of  various  levels  of  com¬ 
mand  waa  a  necessary  step  in  making  the  program  effective. 

Air  Force  Installations 

Reference  has  already  been  made  to  bases  acquired  by  the  United  States  in 
1040  by  arrangement  with  Great  Britain.  In  Jnly  1041,  the  Brasilian  Govern¬ 
ment  passed  legislation  permitting  the  United  States  to  develop  s  number  of 
airbases  in  that  country.  Them  were  at  Amapd,  Belem,  Sio  Luts,  Fortaleza, 
Natal,  Recife,  Maceiu,  and  Bahia.*  Construction  was  carried  out  by  the  Pan 
American  Airways  System,  Inc.,  through  its  subsidiary,  the  Air  Port  Derelop- 
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inent  I‘rojc<*t.  To  conduct  operational  nativities,  the  Army  Air  Forres  created 
the  Army  Air  Corps  Ferrying  Command,  which  later  became  the  global  Air 
Transport  Command.  Expansion  of  transport  activities  and  the  necessity  of 
better  provision  for  the  defense  of  Northeastern  Bmxil  brought  about  the  estab* 
lislunent  of  the  South  Atlantic  Wing,  Air  Transport  Command,  in  June  1042. 
Headquarters  were  established  at  British  Guiana  on  !>  July,  where  a  U.S.  Army 
base  already  existed. 

The  various  airbases  established  in  the  area  controlled  by  the  Caribbean 
Defense  Command  will  be  listed  in  se]>arate  discussions  of  tlie  Panama  Canal 
and  Antilles  Departments. 

AREA  CHARACTERISTICS 
Physiography 

The  area  covered  by  this  discussion  includes  all  islands  and  coastal  regions 
surrounding  the  Caribbean  Sea,  together  with  such  furtlter  malarious  portions 
of  South  America  as  were  occupied  or  used  by  U.S.  troops.  It  lies  approxi¬ 
mately  between  35°  and  1K)°  west  longitude  and  extends  from  a  little  north  of 
the  Tropic  of  Cancer  to  35°  south  latitude  (ntap  10).  From  the  standpoint  of 
mosquito  bionomics  and  malaria  transmission,  a  considerable  variety  of  ecologic 
situations  exist,  altitude  as  well  as  prevailing  winds  being  factors  in  some 
instances.  Since  it  is  difficult  to  generalise  for  an  area  characterised  by  the 
division  of  its  landmass  into  so  many  widely  separated  units,  specific  physio¬ 
graphic  information  will  be  reserved  for  presentation  in  connection  with  the 
discussion  of  mosquito  vectors,  some  of  which  breed  in  peculiar  and  restricted 
situations,  not  always  typical  of  surrounding  territory. 

Climate 

As  with  physiographic  cluuracteristics,  the  area  under  consideration  is  too 
large  to  permit  very  concise  statements  as  to  cl i ante.  From  a  general  stand¬ 
point,  one  is  concerned  here  with  the  climate  of  the  Torrid  Zone,  from  the  Tropic 
of  Cancer  to  the  Tropic  of  Capricorn.  Seasonal  differences  are  owosured  largely 
in  terms  of  rainfall,  rather  than  temperature.  The  striking  climatic  differences 
sometimes  encountered  as  one  travels  from  east  to  went,  or  vice  verm,  are 
practically  all  explicable  in  terns  of  altitude,  as,  for  example,  when  one  pro¬ 
ceeds  from  the  Pacific  coast  of  South  America,  croaaee  the  Andes,  and  descends 
into  the  valley  of  the  A  mason.  Apart  from  altitude,  air  movements  can  ba  a 
factor,  evidenced,  for  example,  by  the  reduction  in  precipitation  along  the  coast 
of  South  America,  as  one  proceeds  westward  from  French  Guiana  to  Curasao 
and  Aruba,  N.W.I.  This  is  doe  to  loss  of  moisture  by  easterly  t  cade  winds. 
Climate  tends  to  favor  the  occurrence  and  transmission  of  malaria  when  the 
following  conditions  are  met ; 
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1.  A  continuous  supply  of  suitable  water  for  the  breeding  of  the  vector. 
Species  in  which  tlie  eggs  can  survive  temporary  “mudbank”  conditions  are 
obviously  more  adaptable  in  this  respect.  On  the  other  hand,  no  anopheline 
does  well  when  tliere  is  an  excess  of  precipitation,  as  when  the  terrain  is  covered 
with  a  flowing  sheet  of  water. 
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2.  Maintenance  of  water  teiniienitnivs  uliove  )  lie  jsiint  when;  immature 
stages  of  the  vector  will  be  killed  or  reiuleretl  incapable  of  recovery. 

3.  Maintenance  of  air  temperature  above  the  point  wlicre  adult  nnophdines 
are  rendered  iieniianently  incapable  of  mating,  feeding,  or  egg  laying. 

4.  Frequent  and  prolonged  association  of  warm  temperatures  with  high 
relative  humidity,  which,  by  favoring  the  uninterrupted  breeding  of  the  vector, 
insures  its  presence  in  great  iiumUrs  in  the  vicinity  of  both  ]airnsitized  and 
nonparnsitiy.ed  lniman  hosts.  The  same  factors  tend  to  favor  the  use  of  little 
or  no  clothing  on  the  pnrt  of  native  populations,  a  practice  that  exjioses  them  to 
unrestrained  attack  by  enormous  numbers  of  mosquitoes. 

.*».  Freedom  from  strong,  ]iersistent  winds  during  tbe  normal  biting  hours 
of  tbe  vector,  as  mosquitoes  do  not  readily  take  to  wing  when  winds  are  severe. 
It  should  be  remarked,  however,  that  gentle  winds  are  no  barrier  to  vector 
activity  and  may  even  lie  a  positive  factor  in  malaria  dis|iersnl.  Sell  in  vi.7  for 
example,  conducted  a  survey  in  1!I44  in  tlie  town  of  Iginqie,  situated  on  the 
const  in  the  southern  jsirtion  of  tlie  State  of  Sao  Paulo,  Brazil.  AnopheJei 
nlhitani *  dommtiru*.  captured  in  bouses  wltere  cases  of  malaria  bud  occurred, 
yielded  both  oocysts  on  tlie  stomach  and  sporozoites  in  tlie  salivary  glands. 
Local  opjiortunities  for  breeiliug  were  so  limited,  however,  that  the  mosquitoes 
were  considered  to  have  flown  to  tlie  mainland  from  the  low,  marshy  island 
of  llha  Caniprida  when  a  sea  breeze  was  blowing.  Sjiecimens  were  observed 
in  flight,  over  tlie  channel. 

Altliough  certain  species  of  anoplielines  are  adajited  to  breeding  at  higher 
altitudes  than  otliera,  even  the  hardiest  eventually  readies  a  level  at  which 
frequency  of  low  tenqierntures  prevents  tlie  survival  of  tins  species. 

From  the  foregoing  remarks,  it  is  evident,  tliereforr,  that  the  coastal 
regions  are,  in  general,  more  hazardous  from  a  malaria  standpoint  than  the 
interior  arras,  and  that  within  these  interior  areas,  the  great  river  valleys 
may  be  expected  to  he  more  malarious  than  the  mountain  slopes.  Tins  peculiar 
habits  of  certain  vector  specie*  are  responsible  for  occasional  exceptions. 

Special  relation*  of  dimate  to  tlie  incidence  of  malaria  in  limited  areas  will 
be  treated  in  another  section  of  this  cliapter. 

Native  Population 

The  population  of  the  Latin  American  countries  is  composed  of  a  mixture 
of  races,  proportions  differing  according  to  locality.  American  Indian  blood 
is  more  persistent  in  Mexico  and  South  America  than  in  certain  of  the  Central 
American  countries,  though  isolated  tribes  survive  there  practically  untouched 
by  outside  influence.  The  use  of  the  Portuguese  language  in  Brazil  and  of 
Spanish  (with  various  modifications)  in  the  greet  majority  of  political  units 
testifies  to  the  dominant  character  of  the  European  influence.  One  sliould  not 
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forget,  of  course,  the  French,  Dutch,  and  British  interests  in  the  Guiana*. 

British,  French,  and  Spanish  bloodlines  exist  in  the  West  Indies,  where, 
however,  as  in  Panama,  tlie  tremendous  biological  vigor  of  the  African  ele¬ 
ment,  introduced  in  the  period  of  the  slave  trade,  tends  to  olsscure  (he  character¬ 
istics  of  all  races  with  which  it  interbreeds.  East  Indian  stocks  introduced 
labor  and  augmented  bj  later  arrivals  ure  making  themselves  felt.  Many  mer¬ 
chants  in  Panama,  for  example,  are  East  Indians.  Chinese  and  other  oriental 
groups  are  evident  in  many  cities  and  towns.  Superim|>osed  on  all  this  is  the 
constant  coming  and  going  of  nationals,  from  almost  all  the  leading  countries 
of  the  world,  who  visit  the  American  Republics  in  the  interest  of  commerce 
and  industrial  development  and  who  frequently  become  residents  for  varying 
lengths  of  time. 

Racial  makeup  of  particular  countries  or  areas  will  be  noted,  where  signifi¬ 
cant,  in  other  sections  of  this  chapter. 

Mosquito  Vectors* 

The  mnopheline  mosquitoes  considered  to  be  important  carriers  of  human 
malaria  in  the  regions  under  consideration  number  eight.  These  are: 

1.  Anopheles  albimanus  Wiedemann,  1921. 

2.  Anopheles  edhitarsis  Lynch  Arrib&lxaga,  1878. 

3.  Anopheles  aquamlis  Curry,  1932  (referred  to  as  Anopheles  tarsimo- 
cvlatus  by  certain  authors) . 

4.  Anopheles  hellator  Dymr  and  Knmb,  1906. 

5.  Anopheles  daelingiKoot,  1926. 

6.  Anopheles  gombiae  Giles,  1902  (exterminated  in  New  World). 

7.  Anopheles  psendopnnctipennis  Theobald,  1901. 

8.  Anopheles  pnnctimacula  Dyar  and  Knab,  1006. 

In  addition  to  the  species  just  listed,  Mexico  and  Central  America,  includ¬ 
ing  the  Caribbean,  support  at  least  34  anopheline  species  usually  not  considered 
vectors,  while  South  America  boasts  a  total  of  32  probably  non  vector  species 
and  varieties,*  not  counting  8  species  of  Chesgasia  and  (Knitting  some  13  or  mons 
forms  of  questionable  validity.  Among  potential  rectors  is  Anopheles  noroes- 

•  (1)  Slip,  W.  H.  W. :  Its  AiapbtHu  Mualtiw  at  tba  OitStni  nasi—.  Sat  loot  Saattk 
M  Xa.  ITS,  IMS.  <S)  K— MB.  Sw?  W. :  Tba  O—snpMad  MiSSaMii  of  Hu  Nakftt  CbrrjMa 
Mom-Mom:  A  CoMuttis  of  Karo—  Matortal  la  Ibo  Lttoratan,  a—  la  Faraiaal  Com— aateatto— 
lbs  Aatba*.  bait-in  :  Tbs  labs*  Map Sbu  PStttSO  rnaa.  US*.  (Tbs  Astoria—  liwl 
Kfflf  ■  Mtim—Mt  SaHoa  Xf.  It)  111  bams.  B.  W.  a—  SMbI— .  II. :  Tba  Milt-Mitt  at 
balrattr.  Am.  J.  Trap.  M.  H :  MS-41S,  IMr  IM  (4)  ban—,  rial  T..  Wo<  Lstbor  a,  >at 
M— wilt  bosi—M  D. :  Practical  IbblMur.  PMMSaipbia :  W.  b.  lit— n  Cm.  IMS.  (S)  bttMt. 
Tbawts  T  .  H,t*r.  Ottipt  W..  a—  Worth.  C.  »wha :  A  Mttwl  at  Tatpiaal  Mi  grist.  PMIsSsipMs  : 
W.  b.  bsssSara  Ca.,  IMA.  (S)  UtbrltltST.  aSM—  b r  Mart  ».  OojS.  Vais.  1  a—  II.  pbbaSsIpMa : 
W.  B.  So  union  Cs..  ISIS. 

•  (l)Djar.  Barrio—  O. :  Tba  Maas  lit  ora  at  Ibr  Awrrtna.  hlillrttUa  No.  .1ST.  Cirstpia  IsaU- 
tsta.  WiaMapt— .  D.C.,  IMS.  13)  (loatllotrlt,  A.:  BMtdt  jr  SttrkarWt  pctprASn  So  Ms 
— ataNsaa  as  I'alfila.  bar.  Par.  MrS.  Cilr.  Mar.  13:  U-1P.V,  Aopatt  IMS.  (3)  Loir.  J. :  CalA  laps 
Asa  Mao— Itsa  McsMpMsa  Sa  laotltata  <s  Blaine  Aa  S.  Paata.  Hit—  pate  Cl  aka  baalAstes  So 
■naO.  S.  Paato  main.  Baiun  manglec.  bMa  Mtaiprifca.  IMS. 
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Ssush  Gthrio,  which  Cowtinbo  *  found  infected  in  Brasil  but  which  hue  not 
bean  shown  to  transmit  whiii  to  awn, 

Hmiita  mi i  diatrikmtim  e f  sectors 

AJtophsds*  ufMmaau*. — This  mosquito  range*  from  Texas  through  Mexico 
and  tho  West  Indies  into  Ytonaek,  Colombia,  and  Ecuador.  The  larvae  are 
found  in  a  variety  of  situations,  including  fresh  or  brackish  lagoons,  swamps, 
marshes,  lakes,  ponds,  pooh,  puddles,  pita,  footprints,  and  artificial  containers 
(fig.  28).  Exposed,  sunlit  waters  are  favored,  though  some  shade  is  tolerated. 
This  adaptability  is  the  chief  reason  for  its  great  importance  as  a  vector 
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both  in  Central  America  and  in  the  Caribbean.  The  adults  are  nocturnal 
biters,  and  prefer  mail,  but  will  also  feed  on  animals.  They  will  enter  houses 
but  in  most  cases  leave  after  feeding.  Tlie  adults  are  very  secretive  in  daylight 
hours,  and  even  experienced  collectors  have  difficulty  in  locating  them. 

Plant  associations  have  an  important  bearing  both  on  the  suitability  of  the 
environment  for  A.  cllnmanu s  breeding  and  on  preferred  methods  of  control 
when  the  vector  is  piesent.  Studies  carried  out  by  Pratt  in  Puerto  Rico  have 
thrown  considerable  light  on  this  problem."  Thus  drainage  and  dusting  are 
most  successful  in  coastal  swamps  where  Phragmite *  and  Typha  august i folia 
are  dominant  species.  Only  the  sunlit  margins  are  utilized  by  A.  albimanus. 
For  pool  containing  tall  grasses,  drainage  is  preferable,  as  larviciding  becomes 
difficult.  Sugarcane  fields  produce  few  mosquitoes  just  after  tlie  cane  is  cut, 
but  sinking  of  tlie  trash  in  the  irrigation  ditches  soon  results  in  a  sunlit 
surface  where  A.  albimanus  is  at  home.  Reflooding  intensifies  this  condition. 
Anopheles  grab  Kami  tends  to  replace  .4.  albimanus  wlien  tlie  canes  reach  a 
meter  in  height,  and  A.  vestitlpennis  usually  takes  over  wlien  canes  are  full 
grown. 

Azolla,  PUtia,  and  other  plants  which  form  floating  mats  tend  to  inhibit 
mosquito  breeding.  On  tlie  other  hand,  low-floating  plant  growth,  such  aa  is 
formed  by  Chora,  Utricularia,  and  Cento  phyllum,  protect  tlie  larvae  from 
their  natural  enemies,  and  so  favor  their  development.  In  Puerto  Rico  Cerato- 
phy/ltsm  drmutum  is  a  very  common  associate  of  .1.  albimanus. 

Anopheles  sdkUurmia — The  typical  A.  albitarsis  from  Buenos  Aires  is  not 
domestic,  nor  does  it  prefer  human  blood.”  On  the  island  of  Mara  jo,  how¬ 
ever,  in  tlie  State  of  Pari,  Brazil,  the  females  invade  dwellings  in  large 
numbers  during  the  evening,  even  when  cattle  are  conveniently  available. 
This  variety  has  come  to  be  known  as  A.  albitarsis  domestic us,  a  form  er¬ 
roneously  referred  to  by  certain  authors  aa  Anopheles  albitarsis  ear.  bramlieneis 
Chagas  and  by  others  as  Anopheles  ergyritarsis  Robineau-Desroidy.  Anoph¬ 
eles  albitarsis  var.  limai  Galvin  and  Lane  is  possibly  identical  with  the 
typical  form. 

Anopheles  albitarsis,  which  is  a  vector  in  Brasil,  is  found  from  Guatemala 
into  northeastern  Argentina  and  Uruguay.  It  also  occurs  in  Trinidad.  It 
breeds  chiefly  in  ponds,  rice  fie  kb,  marshes,  lagoons,  and  the  overflows  of  rivers. 
Matted  vegetation  and  the  availability  of  a  certain  amount  of  shade  favor  it* 
development.  The  adelta  show  a  preference  for  human  blood  in  certain  arena 
but  not  in  others,  indicating  the  existence  of  geographic  ness. 

Anspksts*  nfWMotis. — The  geographic  distribution  of  A.  tsfuassiis  in  the 
neotropical  region  b  discussed  by  Looena  **  under  the  name  of  A.  tarsimacuUrtu* 

n  Pratt,  H.  P. :  Rotation  «f  Ha»tt  tn  Malaria  Oat  rat  la  Paerta  Rlen.  Pah.  Health  Pf.,  »ap»l. 
No.  2P.  Prrnbrr  1M7, 

“OfUrlo.  A.  L.  A.,  tat  Pan  run.  R.  G. :  ObnfrvtyVn  Mtfcre  aaofHHaoo  4a  rowttexo  iltWirm. 
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Ooeldi.  Because  extensive  areas  of  salt  land  stretch  inwnrtl  from  the  const,  the 
species  occurs  iiiiioIi  flirt  lie  r  inland  than  was  formerly  snp|msed.  Ijiivne  Imre 
Itern  collected  TO  utiles  inland  front  tlte  Stato  of  Paraiba  and  ICO  miles  inland  in 
Pernambuco.  In  these  localil  ies,  tltey  breed  in  ditches,  (tools,  or  overflows  front 
rivers  in  which  tlte  water  Is  brackish  due  to  the  Iteavy  chloride  content  of  the 
soil.  Coastal  breeding  goes  on  in  waters  ranging  from  0.117  to  33.345  gm. 
chloride  (ter  liter.  This  variation  is  due  to  tides.  Inland,  tlte  variation  is  less 
extreme,  ranging  front  5.733  to  29.835  gm.  (ter  liter.  The  concentration  at  tiny 
one  spot  is  usually  greater  in  summer  than  in  winter  la-cause  of  evaporation. 

Tlte  adults  enter  I  looses  in  large  numbers,  being  in  greatest  concentration 
betwee.i  10  p.tn.  and  10  a. in.  They  have  a  strong  preference  for  human  blood 
and  wilt  attack  man  in  buildings  during  tlie  day  and  in  the  open  air.  In  those 
localities  wltere  it  shares  a  range  with  .4.  albitnni »,  A.  aqumuiH*  is  most  num¬ 
erous  in  January  and  February,  A.  albitar***,  in  October. 

Anopkeltt  aqwtmUM  occur*  in  Nicaragua,  Panama,  tlte  Lesser  Antilles, 
Trinidad,  and  on  south  into  Brasil.  It  is  a  widespread  vector.  Favorite  breed¬ 
ing  situations  are  brackish  lagoons  and  marshes  and  tlte  irrigation  water  in  often 
Helds.  Strictly  fresh  water  is  avoided,  lienee  the  specie*  is  usually  limited  to 
coastal  situations.  It  breeds  in  eitlier  snn  or  shade.  Adults  may  lly  as  far  as 
3  miles. 

AmmpMt*  he/fafrev— This  is  ism-  of  t  lie  limit  unusual  of  flu*  vector  species. 
It  ranges  from  Trinidad  ami  part*  of  Venemiela  into  Brazil.  Kggs  are  laid 
and  larvae  develop  in  (lie  water  found  in  certain  species  of  bromeliails  (wild 
pinra|ipleit),  which  grow  epiphytically  ill  the  branches  of  the  immortelle  trees 
I  tigs.  24  ami  25).  The  adults  attack  man  with  avidity,  both  day  ami  night. 

In  survey  work,  the  larvae  are  collected  by  breaking  the  plant  loose  from 
tl«e  tree,  on  which  it  ia  growing,  and  by  dumping  the  water  into  a  pan.  Larvae 
which  adhere  to  the  leaves  are  washed  off  by  means  of  a  pipette.  Spraying 
the  trees  with  capper  sulfate  under  high  pleasure  has  been  used  to  kill  the 
bromrliad*. 

Bnaneliadg  of  the  grow  Outwit**  are  more  typical  of  the  dry,  canopy 
stratum,  while  specie*  of  the  genns  occur  chiefly  ia  the  lower  shade.” 

The  latter  type  has  only  a  small  reservoir  far  holding  water  (about  80  re.). 
Jaejdrfei  k— macula*,  a  doubtful  vector,  show*  a  strong  preference  for  these 
fataai,  while  A.  brttmttr  favors  Grew****,  the  caper  it  y  of  which  may  exceed 
•00  oe.  Such  farm  are  referred  to  as  “tank”  hrcwcliad*. 

isapMM  darfhafd. — This  species  is  recorded  from  British  ami  Spanish 
Honduras,  Pastured*,  Veueaueta,  coastal  British  Gaiaaa,  Brasil,  and  northern 
portion*  of  Argentina.  As  a  vector,  it  is  especially  important  south  of  the 
Kqaator.  The  larvae,  which  prefer  shade,  my  usually  in  found  among  «lebri* 
and  surface  vegetation  in  fresh  marshes,  lagoons,  and  overflows.  Water- 
hyacinth  ( KicKwmi* )  and  wsteriettnee  (Put**)  frequently  shelter  the  larvae 
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of  A.  •i'trlinyi.  This  is  a  domestic  species.  The  adults  invade  house*  and  show 

•  pnfmacB  for  Iimm  blood. 

.1  nmpkelf  d*rtingi  is  the  chief  vector  in  the  district  of  Campos,  State  of 
Bio  de  Janeiro,  Brazil.'*  Survey*  hare  ebown  <L8  percent  of  captured  females 
to  contain  oocysts,  as  apposed  to  9  percent  for  A.  m Aitertee.  Bpomaoites  were 
fennd  in  A.dmrlimfi  only,  to  the  extent  of  -I  percent. 

4lMpMte  imnteim.— This  aperies,  now  believed  extinct  in  Sooth  America, 
is  an  African  species  which  was  socidentslly  introdneed  into  the  New  World 
and  become  responsible  for  a  peat  deal  of  malaria  ia  Brasil  between  1*90  and 
lMd"  Systematic  eradication  measnres  accomplished  ks  elimination.  It  ia 
aa  adaptable  species,  breeding  in  cither  non  or  slight  shade,  and  seems  eqaally 

■CniU*  J.  O..  aa*  Iktlu*.  I.:  CwliSSiti  pan  •  hMm  *aa  >i>— <  *>  malaria  aa 
■ia»s.  laapMa  1JT| waar*»ar»aa)  Barfia t*  Saat,  m  Ca—a».  aa  Krta«a  *a  Ua.  Mm.  laat. 
OrnUa  Cm  43 :  3SS-3SO  ronaqr  1S4». 

aasapar.  1X4  L..  aa*  WSaaa.  U.  Brace :  .laapSrtn  pa- Urn  hi  Bn  SI.  1S3S  ta  lata.  Mrs  Taft : 
TW  BaahaOOrc  rnMatha.  lets. 
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it  kone  in  pwldlw,  pooh,  shallow  ponds,  burrow  pits,  hoofprintx,  ditehea,  and 
wnfcwa.  Rain  barrels,  cwtwaa,  and  other  peridi— ratio  containers  are  so— 
time a  hmL  The  aduha  prefer  human  blood  and  are  usually  abundant  In  huts 
and  houwn. 

A—fktlf  yam bime  was  first  discovered  in  Brasil  in  March  1000.”  The 
pursuits  rata  in  theae  moaquitoa  was  fill  percent,  including  a  sporonoite  rate  of 
fit)  percent.  An  intense  malaria  epidemic  soon  streetc  suburban  Natal.  Dry 
seasons  caused  a  recession  in  breeding  actiritien  for  a  few  years,  but  normal 


»  (11  Mmims.  B.  C. :  IrM  HSrtacj  at  ftsUv  Is  UraaM  IXHUmi  HU.  3.  4: 

ua-ua.  IMS.  A  Mr.  Tl«*.  Ws.  ML  4#:  HI.  Jmtj  IMS.  lit  SI . .  C.  as4  Caaar  Da 

(aTllfc  O. :  Dry  hma  OUimll—  oa  tba  IMaii  M— saMa.  Asae*rlr»  faaiMar,  la  InU  la 

leea  am.  j.  m*  im  se :  ati-ata.  iitoMtir  i»4» 
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ruin  full  ill  11K  lli  reversed  this  trend,  n  ml  in  193s  mid  1939.  u  lot  ill  of  14,1X111  deni  Its 
from  mulnriu  «mi  iv|iort(‘d,  chiefly  from  i Ik-  A«;ii.  MosmiiVi,  nml  Jngum-ibc 
Valleys.  TIh>  Itnixilinn  authorities  nt  this  jmint  mp  tested  niil  of  the  liockc- 
feller  Kt in i ii I ii I  ion.  By  co<i|K‘nilive  effort  of  tlio  Foundation  nml  the  Yellow 
Fever  Control  Service  of  llmxil,  complete  enidiml ion  wiis  effected  in  19 
months,  from  •liniimry  1939.  The  lust  living  s|Nviiuen  was  fonml  in  Scptem- 
lier  194H.  The  entire  rnei  of  ihis  ncliicveineiil  was  in  the  vicinity  of  npproxi- 
mutely  S-_’  inillion. 

An  extended  nml  fully  dia'innented  in'inint  of  ihe  joint  aetivities  of  the 
I'.S.  Armv  mul  the  itru/.ilinn  < ioveniiiiein  in  relation  to  ihe  |irolileni  of  .1. 
ijiimbhu  "  shows  tlint  iniieli  anxiety  existed  nml  t hut  pnavditivs  were  not  al¬ 
ways  wlial  lliey  sIhhiM  have  Ihvii:  however,  that  .1.  tjinuUitw  iliil  not  again 
estahlish  its  ivsitlenee  in  the  New  World  is  distinctly  to  the  credit  of  all  con¬ 
cerned.  A  brief  siiiinnnry  of  the  milliner  ill  which  iIm>  |irolilein  wits  handled 
follows : 

Anopfie/m  fjnmbhu'  Inal  lieen  eradicated  in  Hnir.il,  in  |94<l.  In  1942,  tlie 
air  tnifli*-  across  tlie  At  In  lit  it-  liemine  greatly  augmented.  therein  vastly  increas¬ 
ing  t Im*  thinker  of  a  seeoml  colonization  in  the  New  Worlil.  Increasing  num¬ 
bers  of  specimens  began,  in  fai  l,  to  la*  fonml  on  newly  arrived  planes.  Tliere 
was  some  i|iiestion  as  to  aeeiiraev  of  itleiuitieaiion  in  all  eases,  nml  proof  of 
living  sjas'imens  seems  never  to  have  lieen  eerlitin.  lull  tlie  |Mtssibilily  of  a 
second  estaMishment  nevertlieless  kaaned  ominously.  In  nn  atte»i|»t  to  prevent 
this,  a  program  was  instituteil  by  wliieh  all  aircraft  arriving  from  Afriea 
were  sprayed  at  once  with  a  mixture  of  pyretlinnn,  carbon  tetrachloride,  ami 
kerosene.'* 

Tlw  adihsl  complication*  of  military  travel  soon  led  to  a  coojierative  pro- 
grain  administered  jointly  lay  tlie  I'.S.  Army  and  Brasilian  autliorities.  In 
this  program,  the  use  of  Aerosol  Imnilis  Imume  routine  (except  at  tlie  first  oprn- 
iug  of  tlie  doors).  It  was  demonstrated  that  tlie  spraying  of  the  airplanes 
in  flight  had  no  supplementary  value,  as  most  of  the  insecticide  escaped  through 
the  tail.  In  1943,  the  lTA  authorit  ies  adored  the  policy  of  carrying  out  sani¬ 
tation  proredurea  before  departure  from  African  airfields.  The  justification 
for  such  routine  is  made  abundantly  clear  by  the  insect  countg  at  Brasilian 
airports  between  October  1M1  and  December  1945.  Belem,  Fortaleza,  Natal, 
and  Serifs  were  the  bases  concerned.  A  total  of  352  specimens  of  .1.  ynmbi*e 
were  collected  at  those  points.  These  were  carried  by  126  of  tlie  9,229  land- 
plane*  and  by  16  of  the  831  flying  boats  which  landed  during  the  4-year  period. 

In  January  1943,  it  had  been  made  mandatory  for  all  incoming  pilots  to 
keep  cabin  windows  closed,  and  canopies  down,  until  tlieir  planes  were 

■  a**  tmnSr  a,  a  122. 

*CinSn>  MftOlf,  F..  u4  Orsnrrlra.  X.  L  :  lnm>  aat  Dllnr  .Irtknta*  liiH»"<l  In 
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sprayed.”  Some  violin  ions  wen-  iin-vitnlilc,  however,  c^|H*eially  in  I  lie  cnse  o{ 
pilots  who  wen*  in  ignorant*!*  of  t lie  ivgnl.it ion,  or  who.  not  ivnli/.mg  its  im¬ 
port  mice,  attempted  to  improve  visibility  for  t  nxiiiiff  l>v  inti  ni|>nlsit  in^r  windows. 
Invest ignt ion  liv  n  specinl  commission  towmil  the  entl  of  IBM  resulted  in  the 
cot ii'llision  tlml  spraying  alone.  :il  Inkeotf  or  iirriviil,  did  not  give  siillirient  pro¬ 
tection  to  Soul  li  Anierirnn  |s»i1s.  Tin*  commission  therefore  ivcniiniiciided  t lint 
men snivs  slionld  Is*  tnkeii  to  ivmler  tlie  West  Afrirnn  nirlielils  wholly  fits*  from 

.1.  tf*t nih  'itli  . 

The  Wnr  I K*p:iil  nieiit,  ao  ordingly.  assigned  a  nmlariologist,  together 
with  np]iniprinte  tnosi|nito  control  |iersonncl,  to  the  .Middle  Knst  thenter  for 
the  pnr|Miee  of  coordinating  inostpiito  control  activities  in  Senegal,  Liberia, 
Nigeria,  nml  the  (oild  ( 'oust.  Sixteen  officers  mid  ninety  cidisied  men  mude 
up  the  group,  lie f on*  this  group  nrrivnl.  the  1‘nii  American  Airvvnys-Afi'ieii, 
Ltd.,  mid  the  U.S,  Army  nntliorities  in  West  Africa  Imd  lamed  their  program 
on  tlie  nssiiiii|iti(Hi  t lint  the  (light  range  of  .1.  ijomh'nn  is  rarely  in  excess  of  1 
mile.  Investigations  liv  tlie  new  group  showed.  however,  that  the  essential 
factor  in  dis|iersal  was  not  tlie  flight  range  of  the  mosi|nito  lint  tin*  inflnenee 
of  prevailing  winds.  In  some  instances,  it  became  necessary  to  deepen  the 
control  zone  to  more  than  a  miles  to  counteract  this. 

Tlie  tlegree  of  success  achieved  at  tlie  several  airfields  was  not.  nuiform, 
due  to  tlie  great  difference  in  terrain.  In  Liberia,  for  example,  tlie  location 
of  the  airfield  in  a  jungle  clearing,  close  to  native  settlements,  forced  reliance 
chiefly  on  malaria  discipline.  In  Senegal,  improvement  was  effected  by  re¬ 
moval  of  activities  to  a  more  healthy  site  wlvere  control  procedures  could  lie 
more  effective.  At  Accra,  an  extensive  system  of  drainage  ditches  was  de¬ 
vised,  anti  although  far  from  heing  completed,  this  system  had  so  reduced  tlie 
breeding  of  .1.  f/nmbltie,  by  July  1W4,  that  Brazilian  officials  expressed  com¬ 
plete  satisfaction  with  the  results  All  things  considered,  tlie  program  was 
and  is  highly  effective  as  insurance  against  a  |**sil>le  second  invasion  of  the 
Americas  by  one  of  the  world’s  worst  vectors. 

Jagriitfe*  garwfapMWffgvMifa.  11ns  inorsputo  1ms  a  wide  geographic 
range.  It  occurs  from  the  sooth-central  United  States  to  Chile  and  Argen¬ 
tina  and  is  recorded  from  Granada,  B.W.I.  Tlie  larvae  prefer  sunlit  waters 
and  may  be  found  in  clear  seepages,  puddles,  pits,  pools,  streams,  and  springs. 
An  abundance  of  algae  favors  their  exigence.  This  species  is  a  vector  in 
Mexico,  Argentina,  Hern,  and  possibly  elsewhere.  Adults  enter  homes  and 
feed  an  man  only  in  certain  anas. 

ptemJoptmctipenni*  has  been  shown  by  Hackett  *'  to  behave 
rather  differently  in  various  portions  of  its  range.  Since  it  breeds  in  the  beds 
of  hill  streams  when  their  volume  is  diminishing,  it  is  well  adapted  to  moon- 

*  Farrrtl,  E.:  TV  .Iwplrtri  fa»UM  fwfcWi  la  BniU  r>4  Went  Afrkt,  SMI— 14.  Ml.  I*. 8. 

Army  N.  Urn.  n :  110-134,  runarj  1M*. 

*  Hiiktt,  L  W. ;  TV  Maltrln  mi  tV  Andrei  IrfV  mi  Milk  Affwrlm,  Iff.  Iwt.  wV.  y 
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tainous  regions  with  a  long,  dry  season.  During  flood  periods,  it  survives  in 
secondary  breeding  spots,  ut  lower  levels.  The  species  tenches  its  greatest 
altitude  in  the  Cinti  Valley,  Bolivia,  where  it  lias  been  recorded  from  8,500 
feet.  In  most  Andean  countries,  the  incidence  of  malaria  np|>eurs  directly 
correlated  with  the  rise  mid  fall  of  .4.  jm  inJ op nnrtJjn  iinin,  hut  in  Colombia 
malaria  transmission  is  slight  at  higher  altitudes,  even  when  .1.  pxcudopunr.ti- 
pennis  is  common.  The  same  is  trite  for  Central  America.  This  suggests 
geographic  races,  which  Vargas  **  lias  attempted  to  distinguish.  Variety 
typicu s  is  believed  to  have  lieen  described  originally  from  Grenada,  B.W.I., 
rather  than  from  Granada,  Micanigtni,  ns  indicated  by  certain  authors.  It 
occurs  in  the  United  States,  Mexico,  Costa  Itica,  Panama,  and  Venezuela, 
probably  also  in  Argentina  and  Chile.  It  is  a  significant  vector  of  malaria 
above  2,2  7. ">  feet  but  only  when  present  in  large  numbers.  Variety  finncis- 
cant'*  McCracken,  which  is  found  in  the  southern  United  .States,  is  jierhaps 
tlie  correct  name  for  the  nonvector  form  of  Central  America  and  Colombia, 
mentioned  previously.  Variety  boydi  Vargas  occurs  in  California,  irtUarii 
Vargas  in  Mexico. 

A  new  variety  of  A.  pseudopunctipennis,  Anopheles  pseudopunctipennis 
patersoni ,  has  recently  been  described  from  Tucuman,  in  Argentina.  The 
distinction  is  lamed  on  characteristics  on  tlie  ova.*3 

Ammpheien  pmmctimmculSL — Tlie  species  is  found  from  Mexico  through 
Central  America,  into  Brazil  and  Peru,  and  also  on  Trinidad.  Breeding 
occurs  only  in  well-shaded  pools,  swamps,  and  sluggish  streams.  The  adulta, 
which  are  abundant  in  undrained  jungle,  are  strong  fliers  and  invade  liouses  in 
order  to  feed  on  man.  So  far  as  is  known,  vectorship  of  malaria  is  limited 
chiefly  to  Panama. 

Zoogeogrmphic  subdivisions 

Lane*4  makes  use  of  zoogeographic  subdivisions  in  discussing  the  distribu¬ 
tion  of  neotropical  anophelines.  The  Cariba  center  involves  Venezuela  and 
the  Guianas.  The  Incask  center  includes  the  Andean  region  from  Panama 
to  approximately  SO*  south  latitude.  The  Central  Plateau  area  lies  in  interior 
Brazil  and  is  this  source  of  rt teems  which  flow  in  many  directum.  The  files 
areas  are  aonsewhat  isolated  in  the  mountainous  portion  of  Eastern  Brazil. 
The  Tttpf  center  extends  along  the  southeastern  coast  of  Brazil  from  Bahia 
nearly  to  the  30th  parallel.  The  Chilean  center  is  confined  to  the  northern 
two-thirds  of  Chile.  Tlie  Patagonian  centers  are  in  the  area  west  of  Buenos 
Aims.  Anophelme  mosquitoes  tend  to  migrate  southward  from  the  Cariba, 


■  Varan.  L :  Cmllinrlmw  »»lw  H  Caaivlrja  M  AaavSrlra  fnnStpnneUptnnU.  Iter.  Ian. 
aalak.  r  warn.  trae-  S :  SSS-TT®.  Dmlir  IMS. 

**  AlraraSa,  C.  A.,  aaS  HmCr.  S.  I*. :  OtMtriSiOT  nkra  m  im  nrMU  Sri  A Mflriw 
(Z.l  nmtnSnpun rilptmm it  TUiSaM  ml.  mmatraSa  <a  la  vmlnto  Sr  Tarawa  a.  Aa.  Iaat.  aaai 
rafL  S :  TZ-TS,  Waatir  1MT.  AWtr.  Tn,.  DO.  BalL  4S :  MS.  Ann  IN*. 

■  law.  Jaka :  AaafMaaa  a <  tkr  Xratrarlral  Baftaa.  In  Malaria  tap.  rdltrS  U  Mark  F.  Safi 
FaSaSrtykta  :  W.  B.  SaaaSm  Ca..  IMS.  rat.  I,  pp.  m~41S. 
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eastward  front  1 1 10  1  lien  sir,  north  westerly  from  the  Tii|>i.  mill  ivm  rifiipillv 
from  the  Plateau  Mini  Patagonian  eenlers.  The  Scca  mill  Chilean  mt  uegu- 
tive  a  reus:  t  lint  is,  they  receive  species  from  elsewhere  Inn.  <lo  nor  ilis|H‘rse 
lliein. 

Using  these  terms,  the  distribution  of  the  vectors  here  concerned  is 
desrrilied  in  table  16. 

TaMI.K  Hi. —  t  )i*l  r  itmtion  of  oiojor  wnxi/ii  Hu  rrctor*  In/  ztuKf  iHjtn  pfttv.  Hitluliitxjtto*  /„  I  hi  lit  If- 

Iropicnt  rryion 


Spwfe* 


T>  |h*  til  liK-ilily 


llnnirr 


A.  illhimnnuK . .  .  .  Not  definite  -  _ _  Cenlr:il  Alneriiiili  unit  lucieic 

reulers  iiiid  Wisl  Indio. 

A.  ollulnmit  . _  _  _  ..do.  All  renter*  exre|»t  ('liilrini  mid 

SAen. 

.1.  OffHtlx/ilix _ _  _ do.  _  All  i-enlem  iaii’jiI  (’tiileiin  mill 

K6e».  Oeenr*  in  tVindwunl 
<iroii|>,  l«i  r  Alililles. 

.1.  lollatnr  .  Triniilml,  II. "M _  Cnrilin  iiihI  Tnlil  renter*. 

A.  (larlinfi..  .  Itloile  JutM*in>,  Brazil. .  Wiilc-iinud  in  ihuI ru|iin>. 

A.ttomkwi _  Africa  .  _  Krmlinilid  friM«  northeuM  llrnail 

!  in  I II  It). 

.t.  ptiuilnpitnrlipiitoi*..  ,  (irvniidii.  B.W.I.  MoiintniiiouM  |mrts  of  Ceiilml 

America,  Cnriliu,  Inra-ir  iiihI 
Chilean  center*.  (Alsu  in 
North  America.) 

.4.  pumriimarolo . .  ,  Colon,  (’annum.  Wktespn-nd.  ImiI  nliecnt  from 

Plateau,  Chik*,  nisi  l*atnn»nic 
real  ITS. 

I 


Secondary  vector  t 

Besides  tire  principal  vectors,  just  discussed,  the  neotropical  region  in¬ 
cludes  a  number  of  additional  species  which  are  belie  veil  to  convey  malaria  at 
times,  especially  when  abundant. 

Gahaldon  "  recognises  as  secondary  or  minor  vectors,  AnopktU*  crucian*. 
A.  gntbkami, ,  A.  eeatitipcnni*,  A nopkrlct  evornri,  Anofheh*  nnRei-forari  Oh- 
bmldon ,  Aoofkcle*  trimsehtw,  and  Anopkcle*  eruti.  All  these  Imre  at  one  time 
or  another  been  found  infected  in  nature,  but  it  is  believed  that,  if  these  species 
wen  to  be  eliminated,  the  total  amount  of  malaria  in  most  ktcwlitie*  would 
remain  the  same.  To  these  vectors,  one  might  add  A.  homtmcotwt,**  a  bromeliad 
breeder,  somewhat  similar  in  habits  to  A.  Mlator. 


m  (kUMo>.  Irtalfa :  Malaria  IacMnc«  la  tie  W«t  ladles  aal  Mtl  Aaarrift.  Jm  MilartUafjr. 
#4lte4  If  Mark  P.  Hmysl.  V%U*Mfkdn  ■  W.  «.  (Uaadera  Cm.,  1M».  ml.  I.  ff.  T*4-Tti7. 

» Dawaa.  Wllfcar  O,  aa4  roll*  K  :  Malaria  Traa»»ltt«4  If  BfMarila4-Br**41aff 

AaafMSaea.  /a  MalarWtiff,  allied  If  Mark  P.  Burtl.  PkBadHpfcla :  W.  B.  Haaadrti  Ca.,  INI, 
v<4.  1.  ff.  734-741. 
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Anopheles  pexsoni  Galvan  mid  Lane  is  considered  a  sfomhiry  vector  in 
Jtr.izil,  along  with  .1.  tAbHor*!*?7  Anopheles  mien!-*  is  nisi*  n  |x>ssihlc  minor 
vector. 


Effect  jf  Military  Occupation  on  Malaria  Potentialities 

lncivnse  nf  moHpiito  j»n m im*t ion  <lm>  to  iiltrmtion  of  tin*  terrain  I >\  coinlmt 
was,  of  course,  no  fiiclor  in  ihi*se.  areas.  Similar  |>rol>lctns  a I'ose.  however,  ill 
connection  with  the  building  nf  rotnls,  Ititiiling  fields,  nml  jxirt  facilities,  where 
excav  a  lions  innl  other  nininnmle  iin|xinin  Intents  tine  to  engineering  activities 
remained  to  lie  tilled  hv  siiliseqnent  mins  nntl  thus  licctnne  |>otent ini  inost]iiito- 
broeding  sit  tin  lions.  In  some  ruses,  iiiriilenrc  nf  ninliiriii  innong  troo|>s  was 
t  meet  I  definitely  to  such  conditions,  nml  their  correct  ion  brought  nliont  nnirketl 
improvement  in  mn Inrin  rales. 

llelilierate  improvement.  of  termin  either  hy  the  military  alone  or  in  «xip- 
ernlion  with  native  governments  was  carried  oat  in  the  vicinity  of  practically 
every  instnllation  of  any  size.  In  most  phnvs,  a  sill  isl  a  lit  in  1  reduction  of 
mosquito  vectors  resulted.  K.\ce]M ions  occurred  wlxw  an  attempt  was  nnnle  to 
apply  general  measures  without  knowledge  of  tile  biology  of  s|M'cilic  vectors. 
Ftir  example,  no  iiinoniit  of  ntteulion  to  salt  nnirsltes  ion  Id  |xwsihly  affect  the 
hreediugof  A.  Mint  or  in  epiphytic  hromeliads. 

lit  general,  it  limy  las  said  that  tlie  longer  U.S.  troops  reiimined  at  Cnrib- 
lieau  and  South  Atlantic  Imses,  tlie  lower  did  the  incidence  of  nndnria  vectors 
in  the  vicinity  of  such  points  lieeome.  This  was  especially  true  after  malaria 
survey  and  malaria  cont  ml  detachments  Itrgnii  to  function.  It  is  significant  that 
the  hulk  of  such  accomplishment  took  place  before  tlie  general  availability  of 
DDT. 

Two  iwMsilulitics  existed  regarding  tlie  enhancement  of  tlie  gametocyte 
reservoir.  Assuming  no  essential  change  in  tlie  concentration  of  nat  ive  popula¬ 
tion,  one  has  merely  tin*  problem  which  results  through  infection  of  troops  and 
civilian  newcomers  from  the  endemic  reservoir.  To  the  extent  that  new  arrivals 
become  active  cases  and  eventually  carry  garnet ocytes  in  their  blood,  three  cases 
add  to  the  local  reservoir  ami  increase  the  possibility  of  epidemic  manifesta¬ 
tions.  Under  routine  military  procedure,  Imwever,  such  cases  were  quickly 
diagnosed,  hospitalised,  given  drug  therapy,  and  though  not  necessarily  cleared 
of  all  infection,  rarely  carried  the  gametocyte  form  of  the  parasite  after  return 
to  active  duty.  Suppressive  Atabrine  therapy  particularly  tended  to  eliminate 
gametocyte  forma  of  Plasmodium  rivax  and  Flaxmodittm  malaria*. 

The  second  a».jiect  of  the  problem,  and  the  more  important,  relates  to  the 
concent  at  ion  of  native  labor  for  the  carrying  out  of  engineering  projects.  Such 
labor  is  often  recruited  from  scattered  areas,  including  some  relatively  remote 

"Drake,  I.  M.,  Caarejr,  O.  aaS  Deaae.  X  P. :  Sle4b*  na  SnulUai  Aaopketlae*  (row  tke 
XHtkmi  nml  Aum  **irtak*.  Hilllaon :  Tke  Mm  llifllai  l’alm>ll|i  Pre**,  Feknary  1MC 
(Tke  Amtni  AmsmI  «/  Hirin'  UMKStrapk  Srrlr*  No.  IS.) 
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(mints.  In  Iropicul  regions.  n  <•(>1-111111  pciveiilitge  of  llu*s(>  |htmhis  is  nlinost 
certain  to  lie  nnilnrioiis,  nnd  11  lesser  percentage  actively  infective.  If  n  vector 
is  present,  tliese  giiinetocvte  in  trier*  ini  a  11  seed  lied  for  infecting  tlie  entire 
hilior  camp,  nnd  11  slinrp  rise  in  t lie.  nmlnrin  rale  may  Ik-  ex|icrtcd.  The  results 
11  re  serious  nnd  innnifold:  ( 1 )  The  efficiency  of  the  IiiIhii- cnnip  is  greatly  reduced 
hy  ivnson  of  the  hospitalized  cases:  ( - )  the  hospital  and  dis|a>nsary  services  of 
the  Inise  or  installation  may  lie  siriiined  hy  the  donhle  load  of  niilii:iry  and 
civilian  cases:  (3)  lalmrei-s  who  tire  not  too  ill  to  work  may  nevertheless  lie 
guiiietocyte  carriers  and  thus  nmtrihiile  to  the  further  spread  of  infection  :  and 
(4)  many  mosquitoes  then  have  access  to  gniiirtocvie  cameo  which  would  nor¬ 
mally  hnve  hitteu  either  normal  ur  nmiiufective  |>ersons.  The  imuilier  of  in¬ 
fective  anophelines  in  the  vicinity  of  military  (icrsonucl  thus  liecomes  tre¬ 
mendously  increased. 

All  this  can  take  place  even  when  first,  energies  are  devoted  to  terrain 
improvement  with  a  view  to  iiinliiriii  control:  that  is,  while  ditching,  tilling, 
and  the  installation  of  tide  gates  nre  ill  progress.  Much  trouble  can  la-  fore¬ 
stalled.  however,  if  less  ex|»ensive  control  procedures  ale  practiced  in  the  begin¬ 
ning.  These  include  administration  of  prophylactic  cliennitlienipy  to  all 
exposed  persons,  lamenting  of  obvious  mosquito-producing  areas,  screening 
and  spraying  of  barracks,  and  use  of  repellents  in  the  field.  Tliese  are  tin-  same 
procedures  which  constitute  the  total  and  permanent  program  of  installations 
too  small  in  size  to  warrant  large-scale  engineering  procedures  of  an  expensive 
nature. 

While  tliese  precautionary  measures  are  in  o|ierntion.  mosquito  and  parasite 
surveys  should  be  continuous  in  order  to  evaluate  their  efficacy  and  to  form  the 
basis  of  recommendations  for  expansion,  modification,  or  aliendonment  of  spe- 
cifie  practices.  In  tropical  America,  as  in  oilier  tlieaters,  personnel  qualified 
to  conduct  such  surveys  were  not  available  in  organized  groups  (malaria  survry 
detachments)  until  long  after  most  installations  had  beeu  fully  developed. 
Military  engineers,  in  cooperation  with  civilian  liealth  authorities,  did  com¬ 
mendable  work,  however,  in  keeping  the  incidence  of  malaria  among  troops  and 
civilian  laborers  at  a  dcsiralde  low  point. 

Part  II.  Experience  in  South  Atlantic  Command  ** 

Because  the  areas  in  the  South  Atlantic  involve  different  latitudes,  alti¬ 
tudes,  and  especially  different  vectors,  then  subjects  will  be  disarmed  under 
separate  commands  and  subdivisions. 

EXTENT  OF  COMMAND 

The  South  Atlantic  Command  was  activated  on  24  Novemlier  1942.  It 
included  Brazil,  Paraguay,  and  Uruguay,  and  extended  from  Amapi,  Brazil, 

•fc*  fwtnot*  •,  pl  123.  Thin  ifwnt,  cemiiff  ifftwl  arttrttfcm  la  the  Mtl  Atlaatle,  bar 
bm  wKMj  an  a  mwr«  (ur  IMn  anetlia. 
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to  Montevideo,  Uruguay;  tlmt  is,  from  2tt°  north  hilitudo  t»Xi‘'  ninth  Ittlilmle. 
The  most  westerly  |ioiiit  was  Asuncion,  Paraguay,  (lie  most  easterly  Ascvnsiini 
Isliuxl,  Great  Britain,  1,437  miles  east  of  Nutnl.  There  were  no  l\S.  Army 
facilities  south  of  Rio  «le  Janeiro. 

Nine  stations  were  established.  These  were  located  at  Aiiiu|m,  Belem.  Sun 
Luis,  Fortaleza,  X'atal.  Recife,  Bahia,  Fernando  de  Noronha  (Brazilian  Penal 
Settlement),  and  Ascension.  Belem  anti  X’nlnl  (together  with  Ascension), 
were  the  principal  Buses  in  connection  with  (lie  ferrying  route.  There  were  no 
tropical  disease  problems  at  Ascension  Island,  hut  tit  all  other  stations,  serious 
hazards  existed,  malaria  among  them. 

PREVALENCE  OF  MALARIA  ON  BRAZILIAN  COAST 

In  1940,  malaria  had  ranked  third  as  a  cause  of  dentil  in  PeruunihiH-o,  w  here 
it  caused  4.5  percent  of  all  deaths.  IJ.S.  Army  surveys  of  native  |N>piilutions 
disclosed  indices  of  |mrnsiteniia,  ranging  from  0.20  to  H.4  percent.  Virtur  infec¬ 
tions  outnumbered  infections  live  to  one.  (Civilian  efforts  at  control 

were  somewhat  hiiulered  hy  lack  of  funds.  Also,  division  of  iw|K>nsibilily 
lietween  tlie  Brazilian  Nat  ional  Malaria  Sen 'we,  the  Service  National  tie  Fehre 
Aniarela  (Yellow  Fever),  and  various  hical  Itenlth  agencies  sometimes  made 
concerted  action  difficult. 

Malaria  was  endemic  in  tlie  vicinity  of  all  U.S.  Army  installations  in  Brazil 
l>ut  wus  particularly  prevalent  around  tlie  airlwses  at  Belem,  Natal,  aial  Recife. 
The  average  aiuuial  rainfall  along  the  coastal  area  is  given  as  M)  to  70  incites, 
the  average  temperature  as  87°  F. 

Because  of  tlie  greet  importance  of  keeping  men  and  materiel  moving  to 
North  Africa,  tlie  small  service  force  in  the  South  Atlantic  had  to  he  maintained 
in  a  high  state  of  health  and  eAciency,  and  rigid  malaria  control  measures  at 
all  bases  became  a  necessity. 

A  malaria -control  training  program  was  instituted  early  in  the  history  of 
the  South  Atlantic  Command.  Because  of  the  possibility  of  transfers,  malaria 
discipline  was  taught  at  well-sanitated  bases  as  well  as  elsewhere.  Flight 
surgeons  were  required  to  brief  transient  crews  on  malaria  and  its  control. 
Antimalaria  porters  were  distributed,  and  a  circular  letter  was  used  to  instruct 
transient  personnel.  Film  rtrips  were  need  for  instruction,  and  ths  malaria 
training  film,  "f  F  8-953,  issued  in  IMS,  was  shown  at  movie  theaters.  Some  of 
them  theaters,  it  should  be  mentioned,  were  of  the  open-air  type,  but  no  cases  of 
malarin  were  etrr  traced  to  them.  Strategic  spraying  of  movie  areas  at  Recife 
by  the  20*1  MSD  (Malaria  Survey  Detachment)  was  doubtless  a  desirable 
precaution.  It  is  to  the  credit  of  all  concerned  that  no  significant  disability 
among  the  troops  from  malaria  ever  existed  and  that  serious  cases  of  malaria 
within  the  Command  were  very  few.  All  evacuations  of  patients,  between  dune 
IMS  and  12  October  1945,  included  only  nine  cases  of  tertian  malaria — four  in 
1943,  four  in  1944,  and  one  in  1945. 
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Protect ion,  liy  suppressive  me<liciitiofi  only,  gave  iviisonuhly  satisfactory 
result m  under  some  condit ions.1"  For  tlie  duration  of  the  war,  Brazilian  troops 
were  stationed  in  vnrimis  towns  and  villages  along  the  const  in  the  Stntc  of  Siio 
Paulo,  where  malaria  is  always  endemic.  Both  mepncrine  (Atabrine)  and 
ineto(|tiine  (quinacrine  hydrochloride)  were  used.  Heavy  dosage  for  5  days  was 
folio we<l  hy  continued  weekly  ndininist ration.  During  the  3-yen r  jieriod  con¬ 
cerned,  only  37  of  4,112  officers  and  men  contraeteil  malaria,  a  figure  equivalent 
to  0.9  |>eroent.  A  much  higher  malaria  rnte  prevailed  in  nearby  cantonments 
where  drug  prophylaxis  was  not  in  font*. 

Since  many  .4.  tar*ini<iculntu*  (.1.  and  .-1.  albilnrnl»  were  col¬ 

lected  in  the  Imrmcks  and  1 1,142  cases  of  malaria  were  rmirded  from  the  civilian 
population  w  ith  which  the  soldiers  were  associated,  the  general  good  health  of 
tliese  particular  troops  may  Ini  said  to  have  de]iended  ii|M>n  the  suppressive 
medication  program. 

SUMMARY  OF  ADMINISTRATIVE  HISTORY  t  MEDICAL) 

Earliest  medical  reports  from  this  theater  of  n|icnit  iiHis  were  iiifiinnnl 
comm  mi  Millions  from  two  officers  of  tlie  Army  Air  t’nri>s  Feriying  Com¬ 
mand,  Cn|it.  Fred  A.  lleimstr*.  MC,  who  was  stationed  at  Natal,  in  April  1942, 
and  Lt.  Francis  M.  Dougherty,  MC,  wlio  assumed  duties  at  Beleui  in  May 
1942.  Malaria  was  |M>inted  out  as  a  major  medical  problem. 

With  the  activation  of  tlie  new  command  on  24  November  1942,  Wing 
Headquarters  were  estnhlislied  at  Natal.  Brazil  had  entered  tlie  war  as  an 
all.v  on  22  August  1942.  Lt.  Col.  (later  Col.)  George  K.  Ijcouc,  MC,  became 
surgeon,  with  Capt.  (later  Maj.)  Millard  K.  Smith,  SnC,  as  sanitary  engineer 
ami  malaria  control  officer.  On  2  December  1942,  Maj.  Harold  F.  Funsch, 
MC,  aeaumed  the  duties  of  Wing  Surgeon.  Colonel  Leone  continued  to  plan 
the  development  of  the  tlieater  medical  service.  Brasilian  Armed  Forces  were 
available  for  home  defense,  so  that  tlie  main  function  of  the  U.S.  Army  forces 
in  that  country  tlie  nee  forth  was  to  provide  logistic  snp|Miil  to  tlie  activities 
of  the  Air  Transport  Command. 

Recife  (Pernambuco)  was  selected  as  the  site  for  concentration  of  medical 
activities.  For  malaria  control  in  the  environs  of  Recife,  tlie  services  of  tlte 
Division  of  Health  and  Sanitation  of  the  Office  of  the  Coordinator  of  Inter- 
Amrriran  Affairs  in  Rio  de  Janeiro  were  requested  ami  obtained.  Thin 
group  had  already  accomplished  good  results  around  ihe  l’A  Army  Air 
Force  installations  at  Belem. 

Recife  also  became  ihe  site  of  general  headquarters  for  tlie  USAFSA 
(US.  Army  Forces,  South  Atlantic).  Hrig.  Gen.  (later  Maj.  Gen.)  Robert 
L.  Walsh,  previously  in  command  of  tlie  South  Atlantic  Wing,  took  over  the 
additional  duties  of  commander  of  the  USAFSA.  To  avoid  confusion  of 


"  Ch4m.  IX:  Ri^rkacn  rmr  U  HJwWpmHiy 4m  paladlaav  m  BrfoU.  Ball.  lUe.  ^illL 
•wi  43:l«  l7t  INI.  Abatr.  Tr**  HU  Ball.  47 :  »I.  Umrrk  IBM. 


HO 


I'l  I  XII'Altl.K  I >1  SHANKS 


resjionsibility  in  medical  nmitii's,  (lenenil  Walsh  utilized  tin*  theater  surgeon, 
Colonel  I -eoue,  in  llic  added  capacity  of  surgeon  for  ■  lu*  Air  Transport  Com¬ 
mand.  Colonel  I -emie  lieennie  qualified  for  this  tliinl  fund  ion  by  attendance 
tit  tlie  course  in  a vint  ion  medicine  at  I{andol|>h  Field,  Tex. 

This  arrangement  continued  in  effect  until  .Mur  1045.  Redeployment  of 
U.S.  Army  forces  had  liv  then  greatly  increnseJ  aviation  inedieal  problems, 
and  the  Air  Transport  Comniuiid,  in  executing  the  “(»ree«*‘  and  “White" 
projects,11  once  again  began  to  operate  its  medical  service  without  reference 
to  theater  headquarters.  On  25  July  1045,  Lt.  Col.  Joseph  Nagle.  MC,  was 
designated  as  Division  Surgeon,  South  Atlantic  Transput  Division,  Air 
Transport  Command.  The  theater  surgeon  temporarily  retained  responsibil¬ 
ity  for  theater  medical  problems  not  strictly  related  to  aviation.  After  the 
defeat  of  Japan  in  August  1045,  ste|is  were  taken  which  resulted  in  tlie  trans¬ 
ference  of  all  medical  ivs|*msibilities  to  the  Air  Transport  Cmimiand  hv  the 
date  of  closeout  for  the  South  Atlantic  i  heater.  This  took  place  on  III  ( h-tober 
11445. 

Tlie  table  of  organization  for  Headquarters,  Medical  Section.  I’SAFSA, 
whs  ap]imveil  by  War  De]uirtnieut  letter,  dated  21  Scptenilier  11445  (chart 
7).  As  of  ill  Deceiiilier  11445,  the  staff  included  (’apt.  (later  Maj.)  fins  R. 
Herzik,  .1  r.,  Sn(\  Sanitary  Kuginecr  and  Assistant  Medical  Inspector;  Capt. 
Millard  K.  Smith,  SiiC  (duty  status  from  South  Atlantic  Wing.  Air  Trans¬ 
port  Command),  in  charge  of  malaria  control  work:  Capt.  Jacob  M.  Henson, 
MC.  Tlieatcr  Malariologist,  in  charge  of  disinsectization  of  aircraft  and  liai¬ 
son  officer  with  Sin*  ilrnziliau  Fort  Health  Service:  and  (’apt.  Sylvan  is  X. 
Landis,  MC,  in  charge  of  the  tlieater  lalairntory.  ( If  t his  group,  only  Captain 
Ilerzilc  remained  to  lie  listed  as  of  51  Decemlier  11444.  (’a]>tain  I -a  ml  is  was 
replaced  dnring  the  year  by  Capt.  (later  Maj.)  Hen  jam  in  M.  Kagan,  MC.  wln> 
served  as  liaison  officer  as  well  as  tlieater  lnlmmtory  officer  and  epidemiologist. 
Major  Herzik  was  replaced  by  Maj.  John  E.  Vogt,  SaC,  on  27  March  1W5. 

ORGANIZATION 

Malariologist* 

The  special  malaria  control  organisation  of  tlie  Medical  Department  of 
the  Army  was  established  in  1942."  A  chief  malariologist  was  a|»pointed  for 
each  theater  of  operations  in  which  malaria  was  a  problem.  Ca|it.  (later  Lt. 
Col.)  Everett  W.  Ryan,  MC,  served  as  tlieater  medical  inspector  for  the  South 
Atlantic,  until  the  appointment  of  Capt.  Jacob  M.  Henson,  MC,  in  1045. 
These  malariologists  both  planned  and  supervised  tlie  control  pmgmm  for 
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their  respective  ntvas  and  served  ns  liaison  officers  Ik‘( ween  field  units  and 
higher  headquarters.  Effective  function  in  the  field  dates  from  February 
1943.  The  total  personnel  specifically  designated  for  nmhiria  control  over¬ 
seas,  by  the  end  of  the  war,  included  approximately  345  officers  and  2,350 
enlisted  men. 

Sanitary  Corps  Activities 

Sanitary  Corps  officers  were  used  as  sanitary  engineers,  malaria  control 
officers,  assistant  medical  inspectors,  1  a i ►oratory  officers,  and  administrative 
assistants.  All  these  functions,  especially  the  first  four,  related  more  or  less 
intimately  to  the  malaria  problem.  The  services  ])erforined  by  2d  Lt.  (later 
Capt.)  Irving  E.  Lindernian,  SnC,  Commanding  Officer.  57th  MCI)  (Mah.'ia 
Control  Detachment),  may  be  cited  ns  an  example.  This  officer,  with  his 
detachment,  re|mrted  to  Headquarters,  USAFSA,  at  Recife  on  3  December 
1943.  Because  the  greatest  problem  in  malaria  control  existed  in  the  Belem 
urea,  he  and  his  unit  were  assigned  to  that  station.  The  unit  engngrd  in 
malaria  control  activity  at  Belem,  Amapu,  and  Sio  Lins.  Inasmuch  as  Cap¬ 
tain  Linderman  was  trained  as  a  sanitnry  engineer,  it  was  decided  to  utilise 
him  as  a  consultant  in  this  field  whenever  his  duties  in  malaria  control  work 
might  (lermit.  In  this  connection,  Captain  Lindernian  was  appointed  assist¬ 
ant  Imse  medical  inspector  at  Belem,  17  February  1945. 

A  request  had  been  sulanitted  to  the  War  Department  on  17  November 
1943  for  the  services  of  a  malaria  survey  unit.  On  15  April  1944, 2d  Lt.  (later 
Capt.)  Herbert  T.  Dalniat,  SnC,  and  2d  let.  (later  1st  let.)  Aran  S.  Johnson, 
SnC,  reported  to  lieadqnartera.  Since  the  principal  anxiety  in  the  matter  of 
malaria  control  related  to  the  possible  re  introduction  of  A.  giambiae  into  Brazil, 
Lieutenant  Did  mat  was  assigned  to  Natal,  as  aircraft  disinsectization  officer, 
to  assist  the  Brazilian  authorities  in  the  treatment  of  airplanes  arriving  from 
Africa.  Lieutenant  Johnson,  an  entomologist,  was  retained  at  Recife,  until 
the  arrival  of  the  SOM  Malaria  Survey  (later  designated  the  SOM  Malaria 
Survey  Detachment)  on  3  July  1944.  He  was  then  sent  to  BeMm  and  waa 
attached  to  the  57th  Malaria  Control  Unit  which  was  .loing  survey  as  well  as 
control  work  and  coaid  well  utilise  his  services. 

The  activities  at  Natal  were  very  important  from  the  standpoint  of 
Brazilian-ILS.  relations.  It  became  necessary  to  make  the  officer  in  chnrga 
directly  responsible  to  the  Commanding  General,  USAFSA. 

History  of  Malaria  Survey  and  Control  Units 

2t2d  Malaria  Surrey  Detachmeat. — The  202d  MSD  was  activated  at 
Camp  Ellis,  Ill.,  ou  10  December  1943,  in  accordance  with  General  Orders  85, 
Headquarters,  Camp  Ellis.  Enlisted  personnel  were  drawn  from  various 
casual  detachments  at  the  camp,  except  for  three  laboratory  technicians 
who  were  assigned  from  Fort  Sam  Houston,  Tex.  ('apt.  Rupert  L.  Wenzel, 
SnC,  and  2d  Lt.  (later  Capt.)  Leon  Jacobs,  SnC,  joined  the  organization  on 
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13  and  IT  January  1944,  respectively.  C'nplniii  Wenzel  left  the  unit  on  24 
October  1944,  and  Ca|>tain  Jacobs  assumed  command. 

The  unit  received  some  preliminary  training  in  Camp  Kills  and  then 
proceetled  to  ('amp  Plain-lie.  Li.,  where  it  received  s|ss  inli/,(sl  inahiria  train¬ 
ing  fnmi  1  March  to  20  April  1944,  and  arrived  in  Keeife  ihi  0  July  1944. 

After  in  days  of  quarantine,  tlie  detachment's  enlisted  |iersniinel  were 
attached  to  tlie  200th  Station  Ifos]>ital  for  rations  and  quarters,  while  the 
officers  were  quartered  with  Headquarters,  USAFSA,  officers. 

The  202d  MSI),  like  tlie  57th  MCI),  was  assigned  a  tlteater  function,  and 
came  nailer  Headquarters,  USAFSA,  for  tlie  major  part  of  its  administration, 
only  minor  details  being  sultonlinnted  to  tlie  Imse  coimnand.  In  addition  to 
tlie  theater  function  of  malaria  survey  work,  it  was  charged  with  nmlarin 
cmitrol  mqionsihility  in  tlie  Itn-ife  military  area,  mainly  routine  larviciding, 
ditching,  ami  ditch  maintenance.  However,  wlien  opportunity  permitted,  it 
performed  some  permanent  filling  operations.  It  inanageil  its  own  survey 
work  entirely.  Tlie  laboratory  atalf  did  musquito  identifications  and  blood 
surveys.  In  its  tlieater  survey  function,  it  iierfonned  malaria  surveys  at 
AmapA  and  FortaWa  and  assist eil  in  surrey  work  at  Natal  and  lleleui.  It 
performed  exjirrimeiital  work  on  1)1/1'  as  a  mosquito  larvicide  and  on  an  A- 24 
airplane  fitted  for  spraying  DDT.  Personnel  of  tlie  unit  aim  performed  fly 
survey  ami  control  work  on  Ascension  Island.  The  unit  was  inactivated  on  21 
September  1945. 

57th  Malaria  Central  Detachment. — Tlie  57th  MCD  was  officially  acti¬ 
vated  in  the  spring  of  1943  at  Camp  Pl»ncl>e,  which  was  then  tlie  New  Orleans 
staging  area.  Personnel  to  make  up  the  organixatiuti  were  assigned  from  vari¬ 
ous  medical  replacement  centers  ami  pools.  Tlie  unit  embarked  at  tlie  New 
Orleans  Port  of  Embarkation  early  in  1944  and  arrived  at  Belem  on  8  Fetmuiry 
1944.  Personnel  were  attached  to  tlie  193d  Station  Hospital  for  rations  and 
quarters. 

The  Detachment  was  charged  with  malaria  control  at  the  bases  of  Belem, 
AmapA,  and  Sao  lair.  Usually  two  men  were  nuflicieut  to  handle  routine 
control  operations  at  AmapA,  and  the  reet  remained  working  at  BeWm.  It 
waw  only  necessary  to  send  a  a  tan  to  Sio  lair  occasionally,  because  of  good 
control  effected  there  by  the  Brasilian  National  Malaria  Service.  At  firot 
the  unit  confined  itself  to  control  work,  obtaining  its  surrey  information  from 
the  SESP  (Service  Especial  da  SAode  PAWiea).  later,  in  September  1944, 
with  the  aid  of  Lieutenant  Johnson,  who  remained  on  tenqiormry  duty  with 
the  detachment  from  September  to  December  1944,  a  larva  survey  team  was 
set  up.  The  unit  borrowed  a  microscope  sad  did  its  own  moequito  identifica¬ 
tion,  although  it  still  received  doily  reports  from  SESP.  Enlisted  men  of 
the  209d  USD  were  pieced  on  detached  service  with  the  57th  MCD  in  Septem¬ 
ber  and  October  1944,  one  at  Belem  and  one  at  AmapA,  to  aid  in  survey  work. 

The  chief  activity  of  the  &7th  MCD  was  carrying  out  temporary  and 
semipermanent  control  measures.  Larviciding,  wherever  larvae  were  found, 
mnv-« - n 


144 


Cl  DDIIMCAIIU:  DIMKAHKS 


was  performed  regularly,  and  stream  training,  construction  of  ww  <  Indies, 
and  lln*  iiiuintcimiicc  of  old  ones  wen*  also  curried  on.  Tliis  work  occupied 
tlie  efforts  of  40  to  tio  Brazilian  workers  wlio  were  employed  by  tire  |>ost 
engi  oeer  and  sup,  wised  by  the  57th  MCI). 

ACTIVITIES  AT  VARIOUS  BASES 

Housing 

Ius|iectioii  ill  July  1042  disclosed  that  no  provision  liml  lieen  made  for 
mcsquiloprooliiig  of  buildings  to  be  occupied  by  truo|>s.  Esjieciully  »o  lie 
criticized  were  the  loosely  laid  tiles  which  formed  tlie  rods  of  tlie  one-sti.ey 
mortar,  tile,  and  brick  slnictnres  tieing  creeled  by  Brazilian  coni  met  ors.  Tlie 
very  satisfactory  screened  wooden  buildings,  on  ■oncrete  snp|Mirts,  used  in 
British  Guiana,  could  not  be  duplicated  in  Brazil,  because  of  lack  of  lumber 
and  other  technical  difficulties.  lte|iealed  protests  and  considerable  cor¬ 
respondence  resulted  in  commitment  of  in<Mi|iiiln|imnlhig  eitlier  by  cementing 
tlie  tile  or  bv  cop|ier  screening  tlie  ceilings.  There  was  a  shortage  of  material, 
however,  and  tnsijis  arrived  liefore  tlie  ipiarters  were  completed.  It  was  tliere- 
fore  necessary  to  house  some  of  tliem  in  tents. 

Transient  iiemonnel  for  whom  transportation  could  not  be  immediately 
provided  were  liotised  in  tents  at  Natal,  and  a  “Tent  City*  wa*  established  at 
Recife  to  give  teni]iorary  shelter  to  transients,  to  overflow  personnel,  to 
prisoners  of  war,  ami  to  survivors  of  disasters  at  sea.  Most  of  these  persons 
remained  only  a  sliort  period,  but  140  permanently  assigned  individuals  lived 
there  for  considerable  time. 

Tent  City  was  within  a  malaria  zone,  and  the  tents  were  not  in  any  way 
moequitoproof.  Infected  natives  lived  within  flight  range  of  tlie  area,  and 
suitable  vector  species  were  present.  Repellents  and  mosquito  nets  constituted 
the  only  protection,  and  it  is  remarkable  that  only  nine  cases  of  malaria  were 
determined  as  originating  there.  Since  requested  construction  of  mosquito- 
proof  barracks  did  not  materialize,  these  troops  were  moved  into  existing 
barracks  regardless  of  the  crowding  which  remitted.  It  would  appear  that 
malaria  discipline  among  the  permanently  stationed  personnel  of  the  South 
Atlantic  Cwimand  was  usually  satisfactory.  Educational  efforts  to  this  end 
on  the  part  of  the  theater  surgeon  were  not  lacking.  Number  five  of  the  serru 
“health  precautions,*  set  forth  by  a  War  Department  poster  distributed 
throughout  the  command  in  November  IMS,  read  as  follows:  “Use  mosquito 
bed  net  every  night.  Use  |irolertive  clothing  and  mosquito  repellents  if  on 
out-door  night  duty* 

General  Health  Meaeurei 

Data  on  the  number  of  malaria  eases  among  U.S.  Army  troops  in  Rnuil 
in  1M2  are  inaccurate.  Some  figures  will  be  presented  in  the  sections  on  the 
individual  bases.  Malaria  attacks  among  command  personnel  in  tlie  South 
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At Imil  i<*  llieuter  during  flip  year  1943  loinltnl  i.l:i  cases.  tvilli  ‘Jo  of  iIicm*  rrcitr- 
r»*nei*s.  Dining  11)44,  there  wen*  70  fuses  of  which  ±i  wen*  recurrences.  Fnun 
January  through  August  11M.V  then*  wen*  -‘lit  cases  of  which  1"  were  recurrences. 
Tlie-s*  figures  inclmle  nil  ruses  ori^rimi t injjr  in  |ieriimneiit  personnel  regardless 
of  whether  the  disease  was  contracted  outside  the  theater.  The  hreakdown  of 
tliese  cases  jier  monlli  is  |in*scule<l  in  Inhle  17. 

Since  purtictilnr  problems  existed  at  the  various  Imses.  fnrtlicr data  up]a*ar 
on  each  one,  individually,  as  follows: 


Ton  17.  Total  roars  of  malaria  in  I'.S.  .Icm**  i'orrrt,  South  Atlantir,  hi/  month a,  January 
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BtMm. — Yal  <le  Cans  Field  was  situated  n  miles  otitsirle  of  the  rity  of 
Iteleui  on  the  south  side  of  the  liio  tin  Para  (Guajara  Ilay).  The  airistse 
bordered  thia  river  ami  the  Val  de  (Jana  River. 

Close  to  the  Rio  do  Pari  in  the  low  areas,  there  is  murh  marsh  ami  swamp, 
while  the  higher  ground  is  covered  by  dense  tropical  rain  forest.  The  |>m«- 
imRjr  of  the  base  to  the  flood  plane,  together  with  intense  humidity  and  a 
r lunate  which  is  never  dry  and  which  has  a  prolonged  season  of  heavy  rains, 
all  aided  in  producing  optimum  mosquito-breeding  conditions.  Rainfall  aver¬ 
ages  US  inches  per  annum,  of  which  7i  percent  falls  during  the  Hrst  «  months 
of  the  year.  Brackish  waters  of  the  Hard  River  infiltrating  in  areas  dose 
to  the  shore  produce  conditions  suitable  for  the  breeding  of  ,1.  ngnnmtIU.  while 
seepage  and  storm  waters  collecting  in  unshaded  depressions  produce  foci  of 
the  mosquito  second  only  to  .1.  gambiar  ns  a  malaria  vector.  A,  darling*. 

A  report  by  Colonel  Leone  revealed  poor  malaria  conditions  at  IteHni  in 
July  1942.  Though  malaria  registers  were  nut  ke|it,  tlie  local  medical  oScer 
reported  at  least  30  cases  of  malaria  within  llte  preceding  2  months,  aiming  a 
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luise  |M»|>nlnt i«m  of  0  officers  mill  10.-1  enlisted  moil.  There  whs  ini  «ny  of 
ascertaining  how  iiiniiy  of  the  25  to  5o  iiniisiciiis  |s-r  «h»y  who  were  passing 
through  l  lie  lielil  acquired  uuiliirin  during  Hint  time.  Oiir-hnlf  mile  iHirthenst 
of  the  closest  I'.S.  Army  Imrrncks.  iliere  was  located  n  livax.ilinu  Army  |sist 
wliere  no  |)m*miliiHis  against  uuihiriii  were  tnkeu.  with  tlie  ciiiisei|iieuce  Hint, 
tlie  inalariii  rule  (new  ruses  only)  among  the  Itrn/iliiiii  troop*  for  the  |ieriisl 
April  through  July  1942  was  'A S'.  |ier  I.IMMI  |s*r  aiimini,  nml  for  April  only, 
always  a  month  of  high  ineiilence,  ‘.till  |ier  UNMI  per  niiuiiiii.  At  tlie  I’.S. 
Army  insinlhuioii,  meager  control  utensil  tvs  were  lieing  effected  hy  the  laise 
personnel.  These  consisteil  of  oiling  stagnant  miters  on  the  Iwisc  with  crmle 
oil,  nml  some  minor  drainage.  ('mil  ml  was  limited  lavanse  of  lack  of  nihspiate 
sii|iervisioii  mnl  equipment.  All  |>ersoniicl  were  rei|iiirctl  to  sleep  mnler  iihin- 
ipiito  netting,  mnl  Instil  nets,  gloves,  nml  mosquito  I  loots  were  worn  hy  gnnnls 
til  night.  Mnlarin  |irophyla.xis,  isnisisting  of  quinine  sulfate — “t 5  groins 
ilsily — or  of  Atnliriue — ti  grains  (4  tablets)  weekly-  was  requited. 

Even  during  tlie  dry  season  (fnnn  August  to  Xovrmlier)  of  1942.  enaes 
of  malaria  mssirnsl  nimnig  tlie  snuill  inaqi  isniipleinein  stationed  at  Helena. 
Three  cases  of  mnlarin  occurred  in  August,  and  tlie  malaria  ineiilence  was  still 
high  with  12  cases  in  Octolier.  Action  was  initiated  hy  tin*  Office  of  the 
Surgeon,  USAFSA.  to  uiosquittipniof  all  buildings  at  tlie  Imse  at  Hek-ni  and 
to  insure  the  pnqier  construction  of  any  ndditiimal  Imrrueks.  Arrangements 
were  also  made  with  Servi^o  Especial  de  Sarnie  Ihiblk  a  to  carry  on  a  treatment 
program  of  all  kmiwu  rases  of  malaria  among  tlie  neiglilmriug  natives.  Kurtlier 
recommendations  included  extension  of  tlie  drainage  system.  In  tlie  absence  of 
screening,  cloth  was  to  he  nsed  for  imistpi it o) mailing  buildings;  however,  not 
much  of  this  work  was  accomplished.  Fortunately,  not  iiiim-Ii  jungle  was 
cleared.  In  those  places  wltere  this  work  was  accomplished,  at  tlie  ends  of  the 
runways — not  for  malaria  control  hut  as  a  necessary  measure  in  tlie  const  root  ion 
of  the  airfield — innumerable  pools  of  water  were  njinml  to  direct  sunlight, 
providing  an  ideal  environment  for  tlie  lireediug  of  .1.  ihtHimju  t  he  worst  vertor 
of  malaria  in  the  area. 

Factors  peculiar  to  the  military  situation  cmitriliuted  to  a  higli  rate  of 
malaria  in  HeWm.  It  was  necessary  for  airplanes  remaining  overnight  to  he 
guarded  by  military  personnel  of  tlie  command.  These  men  arm*  exposed  to 
malaria-infected  moequitoea,  which  ahounded  in  tlie  grassy  areas  of  the  Arid 
where  the  plane*  were  parked.  Head  nets,  moaquito  hoots,  and  repellent  were 
wot  always  available  for  these  guards ;  so  undoubtedly  malty  cases  of  malaria 
could  he  attributed  to  night  activity. 

Tim  8K8P,  a  joint  health  project  of  the  Rraxilian  Government  ami  tlw 
Coordinator  of  Inter-American  Affairs  organised  during  1942  at  Iielenu  set  up 
a  program  of  permanent  ami  temporary  malaria  control  measures.  Tlie  per¬ 
manent  measure*  consisted  of  *  vast  drainage  system  and  tlie  installation  of 
tide  gates  at  the  month  of  small  breams  emptying  into  tlie  Kin  do  Park. 
Larvicidal  measures  were  directed  principally  against  .1.  itarfmffi,  tlie  most 
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iiii|M>rtniil  vector  in  Belem  iiml  wrondurily  uguiiisi  .).  ih/hiix-iUk.  The  vm-l ness 
of  the  |ienimiient  control  pntgrimi  cniiscd  slow  progress,  1  hi t  tlie  effects  of  (lie 
hirvicitling  Ix-mme  evident  lunch  sooner.  In  n  rc|x>rt  lo  the  chief  surgeon, 
2  Decemlier  1!>42,  Cnpt.  Millard  E.  Smith  descrilied  the  larvicidal  work  of 
SUSP  as  excellent.  Paris  green  (cop|ier  ncctoarseiiite)  lnrvieitle  (oO-.Hl  paris 
given  and  kerosene,  diluted  with  water  at  the  site  of  iippliention  mid  dis|x*rsed 
by  knapsack  sprayers)  was  used  twice  a  week  on  the  breeding  nrens.  It  was 
antiei|Kiled,  however,  that  Inrviciding  without  drainage  would  be  inadequate  at 
the  height  of  t  1m*  rainy  season. 

Tly  May  1041!,  an  improvement  had  lieen  effected  in  the  malaria  situation. 
Most  of  tlie  living  quarters  weir  completely  screened  and  mosquitoproofed. 
Others  were  lieiiig  repaired.  The  malarin  rate  was  kept  relatively  low.  in 
comparison  with  15442,  because  of  tlie  larvieiding  activities  of  SKSP  atal  the 
improved  living  conditions.  Tlie  observance  of  individual  malaria  discipline 
was  lax.  however,  and  rases  were  lieing  acquired  needlessly. 

Tlie  malaria  itieideiice  in  Iteleni  during  IMS  was  ameliorated,  too,  by  tlie 
establishment  of  a  sanitary  detail  su|iervisetl  by  the  sanitary  inspector  and  com- 
|xised  of  2  enlisted  men  and  40  natives  employed  by  the  Air  Port  Development 
Project.  This  detail  nrcomplished  snclt  antimalaria  measures  as  drainage  and 
filling  of  stagnant  pools  in  lairrow  pits,  cleaning  streams  of  debris  and  vegeta¬ 
tion.  ami  clearing  underbrush  around  tlie  field. 

No  figures  are  available  for  tlie  iiumlier  of  malaria  cases  contracted  at 
Belem  during  the  nHmtlis  uf  February  through  April  15443.  However,  it  is 
estimated  on  I  lie  basis  of  vague  statements  in  the  monthly  sanitary  repirtg  that 
1  to  3  cases  incurred  |ier  moiitli,  of  which  some  may  liave  Iwen  recurrences. 
(In  Jaunary,  imly  one  recurrent  case  was  nqiorted.)  The  incidence  of  the 
disease  rose  slightly  during  tlie  months  of  May  ami  June  15443,  when  5  and  0 
eases  were  re|MHrted  respectively,  giving  rates  per  annum  uf  76  and  1(43,  This 
was  a  considerable  improvement  over  15442.  During  tlie  rest  of  tlie  year,  only 
tire  more  cases  of  malaria  appeared  in  the  command  at  Detail — two  in  July, 
two  in  September,  and  one  in  December. 

At  the  beginning  of  December  15443,  Lieutenant  Lintlerman  arrived  in  the 
theater.  The  57th  MCI)  had  been  requisitioned  for  service  at  Belem,  and 
air  tranepoHation  had  been  requested  for  its  commanding  niter  so  that  it 
would  U  possible  for  him  to  orient  himself  with  the  situation  before  the 
arrival  of  his  unit.  The  enlisted  men  of  the  detachment  arrived  an  8  Febru¬ 
ary  1944,  but  the  organisational  equipment,  due  to  transportation  diSculties, 
was  not  delivered  until  25)  April  1944.  Until  arrival  of  the  supplies,  the  unit 
did  its  best  with  borrowed  equipment  and  took  over  the  malaria  control  pro¬ 
cedures  on  tlie  base. 

In  November  ami  December  1943,  reports  were  received  that  Eighth  Air 
Force  oomhat  crews  ferried  through  the  South  Atlantic  had  incurred  many 
cases  of  malignant  tert  ian  malaria  The  striking  power  of  the  Eighth  Air 
Force  had  lieen  materially  reduced  as  a  result  uf  malaria,  with  17  percent  of 
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a  group  of  comlxil  |>eix>iiiicl  liccoming  ill  with  the  iliscii**  U|mhi  iirrival  at 
tlicir  oversea  ilpsiiiiuliim.  Tito  voinpliiint  from  1  Icmlqnnrters,  Eighth  Air 
Font*,  referred  lo  iIh*  first  week  nf  NuvciiiIst  ns  I  ho  I  ilitt*  when  this  incidcnco 
of  umlarin  was  ennimileivd.  Tin*  nil  os  in  tho  Snitlt  Atlmilio  Cooootntil  hml 
fallen  oir  sharply  ill  llio  seittml  half  of  1943.  Moreover,  I  lie  prcdmiiimint 
infection  among  |ieniinncnt  lroo|»s  was  always  onnsi>4l  by  /*.  rims.  (In  (lie 
entire  history  of  i)ie  ihiiiiiihiiiI,  only  live  fufrl/mritm  infections  were  incurred.) 

Consequently,  il  was  not  rousiilereil  likely  dial  the  nireivws  hail  I  too  on  it* 
infected  in  Ihn/il.  The  n*cori]  s|sikc  for  itself,  anil  e.\ce|>t  fur  die  more  rigid 
enforcement  of  inalarin  discipline  at  Uelem,  no  major  changes  in  die  malaria 
control  program  hail  to  U>  elfi*el»*«l.  Hint-lives  on  die  enntrol  nf  miliaria  had 
been  puhlislied  for  the  entire  comimiml.  and  die  iui|M>rtiiiiee  of  malaria  was 
reiterated  in  additional  letters,  f’ol.  l’tml  (*.  (iiHi)imd.  MC.  Air  Tnins|iort 
('omiuniid  Surgeon,  miide  a  s|ieein1  ins|at*tioii  of  Iteleni  ami  Natal  in  regard  to 
malaria.  Suppressive  treatment  for  malaria  was  directed  by  f'olonel  < Sillihuid 
for  t  mnsient  eomliat  crews  using  the  Soul  li  At  lantic  naite. 

After  the  arrival  of  die  .17111  MCI),  llelem  allowed  eonsidemble  improve¬ 
ment  nver  1943,  with  only  17  cases  thnmgliout  tlie  year  1944.  Sane  of  tliese 
eases  were  inntracted  at  remote  out|msls,  such  as  ('levelamlia,  wliern  it  was 
impracticable  to  carry  mi  control.  Moot  of  tin*  17  rases  occurred  during  the 
prrioil  from  April  through  June  1944,  with  4  rases  in  April,  8  in  May,  and  3 
in  June.  Of  tliese  rases,  one  in  April,  two  in  May,  and  two  in  June  were 
recurrences. 

Tlie  171 1 1  MC1»  inherited  die  original  Air  1‘ort  Drvekipnirnt  I*rojert 
Sanitation  Squad  and  augmented  it  to  include  from  50  to  fit)  native  laborers, 
who  were  employed  regularly  under  the  supervision  of  enlisted  personnel  of 
the  organization.  These  employee*  were  divided  into  various  crews  for  larvi* 
riding,  harrarks  spraying,  ditching  and  maintenance,  and  survey  work.  The 
activities  formerly  performed  by  SKSP  came  under  the  control  of  tlie  57th 
1ICI).  However,  since  the  control  detachment  was  not  equipped  for  survey 
work,  SKSP  continued  to  make  surreys  and  perform  identifications.  Liaison 
between  SKSP  and  the  37th  MOD  was  maintained  cloaely  during  the  entire 
year,  and  it  was  therefore  possible  to  perform  elective  spot  oiling  for  the 
elimination  of  foci  of  A.JMmgi, 

The  native  larva  survey  team  mentioned  previously  was  rstablislied  with 
the  help  of  a  sanitary  technician  on  detached  service  with  the  37th  MOD 
from  the  808d  MSD  in  Recife.  In  accordance  with  theater  policy  on  the 
use  of  malaria  control  personnel,  the  90Sd  USD  hod  detailed  men  to  Behhn 
and  AmapA  to  aid  in  survey  work.  Also,  from  August  1944  to  Jannary  1945, 
Captain  Linderman  had  the  assistance  of  lieutenant  Johnson,  who  aided  in 
the  administration  of  the  unit  and  in  the  establishment  of  survey  procedures. 

From  July  1944  until  August  1943,  only  five  rases  of  malaria  were  charged 
against  Belem.  Of  these,  two  in  June  1945  were  in  recrntly  assigned  personnel 
who  arrived  at  the  la»  within  the  incubation  time  of  the  disease.  This  record 
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is  enviable,  considering  t lie  high  incidence  of  iiialuviii  during  the  early  history 
of  the  base.  During  the  rainy  season  of  1945,  DDT  whs  used  very  success¬ 
fully  for  the  lirst  time  in  Belem  as  a  lnrvicide,  and  this  may  mvoinit  for  the 
excellent  malaria  control  during  this  particularly  diflicult  portion  of  the  year. 
(Previous  to  April  1945,  sufficient  DDT  was  available  for  residual  spraying, 
which  had  been  accomplished  routinely  in  the  Army  dwellings.) 

Natal. — Pnrnainiriin  Field,  tlie  most  importnnt  airbase  of  the  U.8.  Army 
in  Brazil,  was  located  alioiit  8  miles  from  the  city  of  Natal,  which  is  nt  5° 50' 
south  latitude  and  !W°5'  west  longitude,  'l'lie  iiirfield,  at  mi  elevnlion  of  ltltl 
feet  uliore  sea  level,  was  surrounded  liy  hilly,  generally  well  drained  terrain, 
although  there  were  a  number  of  small  fresh  water  lakes.  Kxeept  for  a  small 
lake  adjacent  to  tin-  area  of  tlie  field,  no  Iwdies  of  water  exist  in  n  radius  of 
2%  miles  of  tlie  ami.  The  surrounding  country  is  dry,  with  sandy  soil, 
rapid  drainage  ami  u  covering  of  low  liriisli,  "cat  ingn.’’  In  tlie  south,  there 
are  twostrenuis,  tlie  Uio  fnjupirauga  and  tlie  liinelto  Cajiipiniiiginlm.  joining 
in  an  area  which  was  alioiit  -JJ/j  miles  directly  below  the  liase.  Further  east, 
the  combined  stream  unites  with  the  liin  Pitinilsi  to  form  tlie  Kin  Pirangi 
which  empties  into  (lie  sea  soutlieast  of  area  in  which  tlie  field  was  located. 
The  Kio  Pitimku  lias  its  origin  west  of  this  area,  makes  a  circuit  around  it  to 
the  north,  and  tlieu  descends  south  to  its  mnfluence  with  tlie  Kio  ('ajupirauga, 
over  2  miles  from  the  area  of  Pernamirim  Field. 

Tlie  borders  of  these  streams  are  cut  by  irrigation  dilrlies  which  art  re¬ 
quired  for  cultivation  along  tlie  river  valleys.  Sometimes  tliese  are  alatmlnned 
and  heroine  covered  with  grass  which  protects  numerous  foci  of  .4  wtykrltn 
mosquitoes.  In  addition,  there  are  low  I  tanks,  cutoffs  and  meanders  along  the 
path*  of  these  waters  which  are  well  vegetated  and  serve  for  mosquito  breeding. 

The  climate  is  good  with  an  average  daytime  temperature  of  M”  F., 
and  an  annual  rainfall  of  approximately  55  inches,  most  of  which  fills  during 
the  months  of  April  to  July.  There  is  a  constant  wind  blowing  from  the  sooth 
or  southeast 

Because  of  the  favorable  topography  of  the  area  and  the  distance  of  the 
base  from  mosquito- breeding  foci,  malaria  was  not  considered  as  a  serious  health 
problem  at  Pamamirim  Field.  Host  of  the  control  activities  wen  in  the  hands 
of  the  Brazilian  National  Malaria  Service.  The  activities  of  the  Brasilia ne 
included  stream  training,  brueh  clearing,  minor  drainage  and  ditch  mainte¬ 
nances  and  some  larvicidal  work  using  parts  green.  Their  service,  because  of 
lack  of  funds,  was  not  adequate,  as  evidenced  by  sn  epidemic  of  malaria  which 
brake  out  in  Jane  IMS  in  villages  along  the  Pirangi  Talley.  The  favorable 
situation  of  Pa nuun i rim  Field  is  evidenced  by  the  fact  that  only  a  few  cases 
of  malaria  occurred  among  base  personnel  during  the  period  of  the  epidemic 
in  the  nearby  valley. 

During  the  entire  history  of  the  airbase  at  Natal,  most  of  tlie  cases  of 
malaria  could  be  traced  to  off-base  activities.  A  radio  range  situated  about  5 
miles  from  the  base  was  the  site  of  many  infections  that  were  incurred,  and 
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enipli:i?is  frequently  liml  tu  lie  |ilnml  oil  tin  use  uf  imli viiluul  protective 
measures.  Soldiers  required  to  nttenil  the  wnmii.g  lights,  situuted  between  the 
base  and  the  Rio  Cnjupirangu,  also  became  infected.  The  city  of  Nutiil  ilself 
was  not  free  of  malariu,  and  soldiers  visiting  the  city  at  night  or  wandering 
around  the  native  hnbiliitioiis  near  the  base  despite  “olf-linnls’’  orders  were 
excised  to  bites  of  Aiw/ifiefc*.  Occasional  maps  of  inahirin  iiiaong  |icniinnent 
personnel  were  incurred,  although,  on  the  base  pro|ier.  mosquitoes  wciv  seen 
rarely. 

In  April  1914,  a  main r in  control  officer,  Lieuteiiniit  Dnliinit,  wns  assigned 
to  Paniamirim  Field.  This  officer  bad  the  double  duty  of  aiding  the  Brazilian 
Government  in  the  disinsectization  of  aiicraft  arriving  from  Africa  and  of 
suiierviaing  whatever  malaria  control  activities  were  required  at  the  field.  To 
supplement  the  work  of  the  Brazilian  National  Malaria  Service  in  the  I’ama- 
niirim  area,  this  officer  set  up  a  system  of  survey  and  control  work  on  and 
around  the  base.  Routine  checks  were  made  of  all  water  deposits  on  the  base 
and  within  a  radius  of  4  miles  around  it.  Barracks  and  other  buildings  were 
searched  every  day  for  adult  mosquitoes,  and  imqiertioiis  were  made  of  sc.-een- 
ing  defects.  A  mosquito  light  trap  was  ke|*  in  operation  near  the  Army  out¬ 
door  tlieater  as  a  furtlier  clieck  on  adult  mosquitoes.  Control  measures  con¬ 
sisted  of  weekly  oiling  all  water  ileposits  on  (lie  base  and  1  mile  around  with 
a  mixture  of  waste  oil  and  kerosene.  When  areas  outside  of  a  1  -mile  radius 
were  found  to  harbor  mosquito  larvae,  the  Brazilian  National  Malaria  Service 
was  notified. 

From  l  May  1944  to  31  December  1944,  only  five  A.  albltani*  adulta 
were  found  on  the  base.  All  of  these  were  dissected,  and  none  was  found 
to  harbor  aporoaoitea  of  the  malaria  plaamodia.  These  adults  a'ere  found 
in  unscreened  buildings  of  the  base  laundry  and  in  buildings  on  the  Navy 
aide  of  the  base.  The  mosquito  light  trap  situated  near  the  outdoor  movie 
theater  waa  operated  continually  for  14  days,  and  only  one  culicine  waa  found. 

Despite  them  results  of  vigilant  survey  work,  which  indicated  a  fairly  safe 
situation  on  the  haae,  malaria  ease*  appeared  among  permanent  personnel 
during  May,  June,  and  July.  In  May,  one  cam  of  malaria  was  incurred  by  a 
aoldier  who  gave  no  history  of  having  been  outside  the  geographic  limits  of 
tbs  ham  for  over  3  weeks  before  the  onset  of  the  disease.  Moreover,  five  cases 
of  malaria  developed  among  UJS.  Navy  personnel  of  whom  one  man  Mated 
he  had  not  left  the  field  for  eansiderahle  time. 

In  Jane  1944,  mven  cases  of  malaria  were  hospitalised  at  the  194th  Station 
Hospital.  Of  them  cases,  however,  only  one  wss  a  “new”  infection  in  perma¬ 
nent  personnel.  The  others  were  either  rrlapeee  or  transients.  In  July,  two 
more  casts  were  reported  in  permanent  bam  personnel.  The  occurrence  of 
them  cams  of  malaria,  although  few,  still  led  to  a  re  iteration  of  the  need  for 
malaria  discipline.  Except  for  one  more  new  cam  of  malaria  which  developed 
in  August  in  a  aoldier  who  visited  off-base  areas  in  his  work,  no  malaria  casts 
directly  attributable  to  Pamamirim  Field  were  encountered  during  the  rest 
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of  tlie  year.  During  the  entire  year  of  1044,  there  wen-  only  10  cases  of  niiihiriii 
treate<l  in  the  114th  Station  Hospital,  including  permanent  and  transient  |ier- 
Miniiel  it  ml  recnrreiiees. 

The  use  of  1 H VI’  iin  a  residual  spray,  lioth  for  the  control  of  nittlnriti  mid 
for  the  eliinination  of  liedbugs,  was  instituted  in  Pinna  inirini  Field  in  Septem¬ 
ber  1044.  Tlierenfter,  barracks  were  sprayed  regularly  every  11  or  4  weeks  or 
slightly  less  frequently.  Its  effect  against  bedbugs  was  easily  judged,  in  tluit 
u  previously  ever-present  |»est  was  entirely  eliminated.  Its  effect  against 
mosquitoes  could  not  be  judged  because  of  tlie  small  uninlier  of  these  insects 
found  on  the  base.  It  was  incorporated  into  the  control  program  ns  an  adjunct 
to  tlie  other  anti  malaria  measures  in  force. 

During  the  year  1045,  malaria  was  somewhat  more  of  a  concern  at  I’nr- 
namirim  Field  than  in  previous  years.  One  of  tlie  most  ini|iortnut  factors  in¬ 
fluencing  this  was  a  rainy  season  that  exceeded  in  intensity  and  duration  t la- 
precipitation  that  had  been  ex|ierienced  in  tlie  12  years  preceding.  Aim  it  law 
factor  was  tlie  crowding  of  tlie  base  under  the  Green  Project  anil  tlie  appear¬ 
ance  ol'  malaria  among  men  assigned  to  tlie  base  as  “Green  SupiKirt"  after 
having  served  in  Africa  and  Italy.  Some  of  tiiear  men  either  had  suffered 
previous  malaria  attacks  or  had  been  taking  suppressive  Atabrine  therapy. 
A  number  of  these  individuals  had  to  be  Hospitalized  for  malaria  daring  tlie 
year.  Moreover,  tlie  malaria  rates  for  the  city  of  Natal  as  well  as  for  tlie 
■mall  villages  near  the  airbase  were  higher  this  year  than  for  many  years 
in  tlie  past.  The  personnel  of  Parnamirim  Field  were  allowed  to  visit  tlie  city, 
and  some  of  them  worked  in  outlying  areas. 

Routine  survey  work  was  maintained  in  order  to  provide  protection  of 
troops  against  malaria.  Iu  addition,  after  an  upsurge  of  malaria  occurred 
on  the  hose  in  May,  a  special  survey  team  from  the  209d  MSD  in  Recife  was 
sent  to  Natal  to  aid  in  tlie  survey  work.  Despite  vigilant  searches,  no  A  naphtU* 
mosquitoes  were  found  on  tlie  base.  However,  control  measures  were  carried 
on  as  follows: 

To  control  malaria  on  Pa  mam  i  rim  Field  and  for  2%  miles  around  it, 
thu  malaria  survey  and  control  teams  were  increased  in  sise  from  two  to  four 
man,  and  an  additional  vehicle  was  furnished  for  their  use.  Spraying  of  DDT 
as  a  residaal  spray  waa  instituted  in  native  houses  within  a  9-mile  radius  of  the 
bum.  For  this  purpose,  a  gasoline-driven  compressor  improvised  by  the  909d 
MSD  was  need  with  a  paint  spray  gun.  All  barracks  ou  the  base  were  routinely 
sprayed  with  DDT  ns  usual.  Larviciding  activities  were  slao  performed,  with 
all  water  deposits  within  a  radios  of  214  miles  of  the  base  receiving  a  weekly 
treatment  of  U  percent  DDT  in  oil.  Screening  was  installed  in  Army  build¬ 
ings  situated  off  the  base,  such  as  the  radio  range  and  the  market  center. 

During  the  month  of  August  1146,  DDT  treatment  of  larval  breeding 
areas  beyond  the  ffVt-mile  control  zone  was  accomplished  thoroughly  by  means 
of  airplane  spraying.  An  A-94  airplane  equipped  with  a  venturi  spray  ap¬ 
paratus  and  an  80-gallon  tank  was  used,  and  enlisted  men  of  the  903d  MSD 
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in  Recife  were  detailed  to  Natal  to  nid  in  performing  tin-  work  mid  in  evalu¬ 
ating  the  results. 

The  malaria  record  at  Pamnniiriin  Field  showed  H»  new  cases  among 
permanent  iiiilitnry  personnel  during  1U45.  Of  these  It:  cases,  s  wen*  recently 
assigned  from  Italy  and  Africu  where  they  had  lieen  receiving  suppressive 
Atnbriue  therapy;  the  other  8  cases  ixjsssildy  contracted  the  disease  on  the  base 
area.  Of  these  latter  individuals,  most  had  left  the  I  wise  mid  had  s)ient  some 
time  in  town,  but  the  actual  place  where  the  disease  was  incurred  could  not 
be  definitely  established.  Because  no  ntioplieline  larvae  or  adults  could  be 
found  on  or  within  ‘2\'«  milt's  of  tlie  base,  it  was  ditlicnlt  In  understand  how  8 
cat  -s  could  possibly  he  contracted  there.  It  was  surmised  tlmt  mosquitoes  flew 
in  (with  the  air  of  prevailing  winds)  from  the  Rio  Cajupimnga  in  the  south. 
Surveys  of  ibis  area  uncovered  very  few  larvae  or  adults;  yet  tn  cause  eight 
cases  (six  of  the  men  becoming  ill  at  approximately  the  same  time),  large 
numbers  of  A.  aibitamU  would  have  to  lie  present.  In  endemic  regions  near 
Pamamirim  F**ld,  less  than  1  percent  of  the  A.  a/bitanis  were  ever  found  in¬ 
fected.  It  is  believ'd  tlmt  most  of  these  cases  were  eontmcteil  away  from 
Pamamirim  Field,  where  tlie  number  of  mosquitoes  wag  great  enough  to 
allow  easy  mainria  transmission. 

Recife.-  llmra  Field,  liraxil,  established  almut  ti  miles  smith  of  the  city  of 
Recife  on  an  area  of  level  ground  about  33  feet  above  sea  level,  was  surrounded 
by  the  populous  villages  of  Ibura,  Imbiribeira,  Boa  Viagrm,  Praseres,  and 
Piedade.  Tlie  terrain  around  the  field  consisted  of  a  low  narrow  coastal  plain, 
bounded  on  the  west  by  a  range  of  low  hills.  Much  of  tlie  terrain  near  the 
shore  was  dune  country,  with  irregular  rises  of  sand  above  a  soft  soil  consisting 
largely  of  decayed  vegetation.  The  hills  to  the  west  had  poor  natural  drainage 
and  an  i  an  pervious  subsoil  resulting  in  the  formation  of  many  springs.  lie 
cause  of  the  dune  formations  and  because  a  large  amount  of  tlie  land  was  only 
dighiiy  higher  than  sea  level,  drainage  was  poor  and  ths  water  table  was  high. 
The  stream  which  form  at  the  western  hills,  are  sluggish  and  meandering 
and  enter  into  suit  marshes  near  the  outskirts  of  the  city  of  Recife,  or  into  e 
vast  swamp  about  2  miles  south  of  the  area  of  the  field.  A  king  tidal  drainage 
ditch,  running  parallel  to  the  beach  and  about  100  yards  inland,  joined  the  salt 
marshes  to  the  north  and  south.  The  rainfall  per  year  varies  between  60  and 
100  inches,  the  greater  portion  (93  percent)  of  which  occurs  during  the  months 
of  April  to  September  with  as  much  as  9U  percent  falling  daring  the  month 
of  May  or  June. 

The  saline  waters  along  the  shore  provided  excellent  breeding  conditions 
for  .4.  opeiWii,  the  most  important  malaria  vector  in  the  area.  The  fresh 
springs  and  deposits  of  rainwater  in  the  valleys  to  the  west  provided  foci  for 
A.  albitarti*,  of  secondary  importance  in  malaria  transmission.  The  natural 
water  deposits  were  supplemented  by  many  manmade  collections  of  water.  The 
natives  cultivated  the  soil  by  forming  little  hillocks  si  the  base  of  which  seepage 
and  rainwater  collected  and  was  impounded.  When  these  were  abandoned. 
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ilie  liigh  grass  obscured  numerous  small  (tools  which  went  tlie  producers  of 
many  mosquitoes.  The  natives,  in  searching  for  crabs,  also  excavated  small 
holes  at  the  borders  of  the  tidal  marsh;  these  holes  lieoniiie  filled  with  water 
and  remained  nnntfeeied  !»y  the  (luctinition  of  the  tides,  furnishing  ideal  situa¬ 
tions  for  larvae  of  .1.  Among  the  other  nnophelinrs  found  in  the 

vicinity  were  AuoptulcH  aiyyritnmh,  Auopheh*  /Hiytijmni,  .1.  trlnnnnhttnn , 
A.  mid  .1.  unfocxtemi't,  none  of  whirh  is  incriminated  ns  n  nmhiria 

vector. 

In  Octolier  1042,  u  snnilnry  survey  of  the  Recife  base  was  made  by  SKSP 
at  (lie  request  of  Colonel  Ijeone.  l)r.  Oswaldo  Silva,  malnriologist,  and  Mr.  C. 
Heard  Field,  sanitary  engineer,  arrived  in  Recife  on  11  October  1942  and  spent 
several  days  in  a  survey  of  the  malaria  situation.  As  a  result  of  their  work, 
SESl*  contemplated  performing  drainage  and  tilling  operations  and  stream 
training  around  lbura  Field  and  the  use  of  larvieides  on  breeding  areas.  The 
U.S.  Army  was  to  furnish  a  preliminary  topographical  surrey  und  construct 
lined  ditches  to  connect  with  the  drainage  system  to  he  installed  by  tlie  civil 
agency.  It  was  recommended  that  all  living  quarters  be  mosquitoproofed  and 
be  sprayed  regularly  and,  also,  that  mosquito  netting  be  U9ed  and  that  clieiuical 
prophylaxis  be  instituted  for  night  guards. 

The  Servijo  Especial  de  Sarnie  Publics  was  organised  especially  for  work 
in  tlie  Amaion  and  Rio  Doce  Valleys.  In  a  question  of  jurisdiction,  tlie  Bra- 
xilian  National  Malaria  Service  was  assigned  control  responsibility  around 
U.S.  Army  bases  in  oilier  localities.  The  Braxilian  National  Malaria  Service 
was  very  helpful  in  furnishing  data  to  the  IT.S.  Army  autliorities  throughout 
tlie  war  and  also  performed  malaria  control  activities  in  conjunction  with  the 
UJS.  Army.  Around  Recife,  close  liaison  was  always  maintained  with  Dr. 
Durval  T.  Lucenu,  laboratory  chief  of  the  region. 

From  tlie  Brasilian  National  Malaria  Service,  the  following  data  on 
malaria  among  the  natives  around  lbura  Field  in  1942  were  obtained:  The 
village  of  Boa  Viagem  showed  11.2  percent  of  3/126  persons  with  malaria; 
Prnserea  41.2  percent  of  1,835  persons;  Piedade  32.4  percent  of  377  persons; 
Imbiribeira  922  percent  of  966  persona.  Adjacent  villages  of  Venda  Grande 
and  Candeiaa  showed  274)  percent  of  340  persona  and  174  percent  of  319 
persona  aa  malaria  carriers.  Obviously,  the  malaria  control  problem  around 
lbura  Field  required  considerable  attention.  The  incidence  of  malaria  among 
Brasilian  troops  Rationed  on  the  bam  was  30  percent  during  the  months  of 
July  and  August  1942,  and  10  percent  of  a  snail  detachment  of  UJ3.  Marines 
had  malaria  daring  the  same  period. 

At  the  request  of  the  Commanding  General,  South  Atlantic  Wing,  Air 
Transport  Command,  the  sum  of  $15/100  was  made  available  for  malaria 
control  at  Recife.  Colonel  Leone  had  requested  a  sanitary  engineer  officer 
in  early  July  1942.  This  officer,  Lt.  Millard  E.  Smith,  arrived  on  14  November 
1942  and  took  over  the  duties  of  theater  malaria  control  and  sanitary  engineer¬ 
ing  around  the  Recife  area. 
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A  buriuvks-spniying  <  let  ml,  organized  in  lute  l'.Hii,  functioned  under  the 
xiqiervisioii  of  the  base  siirpiiii,  ix-vfotiiiiug  routine  spraying  of  nil  living 
quarters  every  48  hours.  No  hirviciding.  however,  was  done  either  l»y  the 
Brazilian  National  Malnrin  S-rvioe  or  tlte  Army  until  Frhmnry  11)43.  At  tlmt 
time,  the  Brazilian  National  Mitlnrin  Service  used  paris  green  to  a  small  extent 
liecnnse  their  supplies  were  always  limited.  Most  emphasis  was  placed  on 
drainage  of  the  area.  The  Brazilian  National  Malaria  Service  had  constructed 
a  series  of  ditches  in  the  tidal  areas  ami  was  working  on  excavation  of  a  tint  inage 
system  in  a  fresh  water  swnmp  west  of  the  base.  The  Air  Pott  iJevelopnient 
Project  had  eliminated  some  mosquito  foci  on  the  base  hy  Idling  or  drainage 
bin,  on  the  other  hand,  had  created  additional  breeding  |dsnvs  by  IIm1  excavation 
of  topsoil  in  sw  ampy  ground,  leaving  large  borrow  pits. 

Tim  milliner  in  which  the  engineering  projects  were  planned  apparently 
took  no  cognizance  of  the  malaria  control  problems  involved  in  the  area. 
Difficulties  such  as  those  encountered  at  Belem  in  reganl  to  mosquitoproofing 
of  buildings  were  met,  and  the  sitmit iou  Imd  to  lie  remedied  by  the  grouting-in 
of  the  loose  tile  rooting.  The  most  important  difficulty  encountered  was  tin- 
lack  of  action  on  drainnge  required  for  malaria  control.  A  swamp  on  the 
southeasterly  side  of  Ibura  Field  was  tlte  subject  of  much  correspondence  and 
was  still  not  drained  or  filled  a  year  after  (lie  first  recommendation.  Even 
in  1045,  swampy  areas  between  the  runways  on  Ibura  Field  required  larvieiding 
regularly. 

It  mon  became  apparent  that  the  facilities  of  the  Brasilian  National  Ma¬ 
laria  Service  were  not  sufficient  to  provide  adequate  protection  against  malaria 
for  US.  Army  personnel  stationed  at  Ibura  Field.  Between  27  February  and 
23  March  1043,  21  cases  of  malaria  appeared  among  Army  personnel  on  tlie 
field.  In  the  several  montlis  previous  to  this  outbreak,  only  six  cases  hail  been 
reported.  The  iiraeasanal  increase  was  probably  due  to  the  rains  which  fall 
during  the  early  part  of  the  year  and  are  called  eAmmu  4*  eaju  by  the  Bra¬ 
silians.  It  was  necessary  lo  discontinue  the  showing  of  outdoor  movies  and 
to  rainatruct  personnel  in  malaria  discipline,  which  bad  become  hut  during  the 
dry  season.  Consequent  to  this  outbreak,  a  larvieiding  squad  of  Brasilian 
saoployeas  was  established  for  the  control  of  mosquito  breeding  around  the 
area,  and  another  crew  of  natives  was  organised  to  do  ditching  and  maintenance 
work.  These  two  crows,  in  addition  to  the  barracks  spraying  detail,  came 
under  the  supervision  of  the  base  surgeon  and  of  the  malaria  control  officer, 
TTSAFSA,  who  acted  in  an  advisory  capacity.  Routine  oiling  was  performed 
of  all  waters  within  a  1-mile  radius  of  the  base.  The  larvicidinf  and  ditching 
crows  were  placed  under  the  direct  charge  of  three  enlisted  men  of  the  base 
complement,  and  the  spraying  crew  was  supervised  by  men  of  the  office  of 
the  base  surgeon. 

As  a  result  of  the  efforts  of  tlieee  antimalaria  details,  no  further  serious 
malaria  outbreaks  occurred  during  the  year.  The  rainy  season  paired  with 
thrve  cases  in  April,  ona  in  Hay,  one  in  July,  and  two  in  September.  November 
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niul  December  showed  mi  increase,  with  live  fuses  mid  one  ease,  respect ively, 
indicating  that  some  malaria  transmission  oeeurivd.  even  during  the  height 
of  the  dry  season. 

In  April  194:1,  a  survey  was  made  of  mosquito-breeding  areas  in  t lie 
vicinity  of  Ibura  Field  by  the  Wing  sanitary  officer,  Cupt.  Millard  K.  Smith, 
Dr.  Mario  Pinotti,  Director  of  the  Brazilian  Xationnl  .Malaria  Service,  and 
Maj.  Benjamin  Ganse,  SnC,  of  tlie  Office  of  the  Coordinator  of  I  liter- American 
Affairs.  The  object  of  this  surrey  was  to  determine  the  feasibility  and  prac¬ 
ticability  of  permanent  malaria  control  measures  around  the  base.  It  was 
Captain  Smith's  opinion  that  permanent  ditch  lining  would  not  be  feasible 
because  the  type  of  soil  would  render  even  lined  ditches  unstable  and  subject 
to  shift  in  grade  and  alignment  and  because  of  the  scarcity  of  materials  and 
high  cost,  lie  believed  that  tide  gates  would  serve  no  useful  purpose,  and  that 
larviciding  would  l<e  the  cliea|iest  method  of  control  even  over  n  5-  to  10-year 
period.  However,  lie  considered  that  ltelp  should  be  given  the  Brazilian 
National  Malaria  St. vice  in  the  construction  and  maintenance  of  tlie  system 
of  nnlined  malaria  control  ditclies  around  tlie  Held. 

The  antimalaria  squads  continued  functioning  in  the  same  manner,  under 
tlie  sii|»ervisioii  of  tlie  base  surgeon,  Ibura  Field,  and  later  of  tlie  medical 
inspector  under  tlie  Commanding  Officer,  200th  Station  Hospital,  throughout 
1943  and  part. of  1944.  With  the  expansion  of  Ibura  Field  into  its  two  subpoets 
and  tlie  establishment  of  the  hospital  area,  in  the  spring  of  1943,  it  was  neces¬ 
sary  to  include  a  larger  amount  of  terrain  in  tlie  control  program.  Tlie  squads 
were  gradually  ex|uuided  to  include  a|ipmxiimitely  40  Braxilian  laborers, 
exclusive  of  the  barracks  spraying  crew. 

In  April  1944,  two  malaria  survey  officers  arrived,  Lieutenant  Dalmat 
and  Lieutenant  Johnson.  Tliese  officers  performed  some  malaria  survey  work 
around  Ibura  Field  and  its  two  sub|iosis.  They  found  anopheline  breeding  in 
ami  to  tlie  north  of  Ibura  Field  and  to  the  south  of  the  hospital  and  recom¬ 
mended  control  in  tliese  ureus.  Lieutenant  Dahnat  was  transferred,  on  23 
April  1944,  to  Natal  to  take  charge  of  the  disinsectization  of  airplanes  and  of 
malaria  control  there.  lieutenant  Johnson  was  left  in  charge  of  malaria 
control  in  the  Becife  area. 

In  May  and  June  1944,  a  small  outbreak  of  malaria  occurred  among  truopa 
quartered  in  tents  in  an  area  between  the  CSAFSA  headquarters  and  tlie  200th 
Station  Hospital.  Fifteen  cases  occurred  among  a  command  of  140  men 
during  them  2  months.  The  tents  were  unscreened,  and  malaria  discipline 
wes  apparently  poor.  The  need  for  reemphasizing  malaria  discipline  and  con¬ 
trol  measures  during  the  rainy  season  was  pointed  out  by  the  malaria  control 
officer,  USAFSA,  in  various  letters  in  May  1944.  It  was  also  recommended 
that  the  tents  in  the  area  concerned  be  acn-ened  or  that  immanent  type  bar¬ 
racks  be  provided  for  the  personnel  involved.  Tlie  men  were  moved  to  perma¬ 
nent  type  barracks  elsewliere  in  tlie  area  during  the  latter  part  of  June  1944. 
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However,  one  more  ease  of  ni»1nri:i  from  this  group  of  men  was  admitted  to 
the  hospital  in  early  .1  uly. 

One  inhlitionnl  ease  of  malaria  among  S7  transient  officers  ami  men  was 
trace<l  to  the  Tent  ('ity  area  where  these  troops  were  quartered  liet ween  ;)  .Tilly 
nnd  l'8  July  1SM4.  In  addition,  one  other  new  malaria  case  was  contracted  in 
late  July  elsewhere  in  the  Recife  area  (admitted  to  hospital  fi  August  11144). 
These  were  the  last  new  ruses  of  mnlnrin  to  originate  in  the  command  up  until 
September  1&45. 

Among  the  troo|>s  billeted  at  Tent  City,  during  the  month  of  July  11)44, 
was  the  202d  MSD.  The  unit  was  relieved  from  quarantine  on  14  July  11H4 
and  after  setting  up  headquarters  and  luhonitory  at  the  200tli  Station  Hospital 
assumed  the  duties  of  malarin  control  in  the  Recife  military  area,  on  1 
August  11)44. 

One  of  the  first  preoccujaitions  of  ll»e  detachment  was  tlie  sourve  of  tlie 
malaria  outbreak  in  the  Tent  City  iirpn.  It  was  clear  that,  the  same  source 
could  menace  the  hospital  and  USAFSA  establishments,  only  one-quarter  of 
n  mile  away  on  either  side.  A  physical  survey  of  the  area  was  made,  and  tlie 
terrain  was  rexoned  to  follow  ritige  lines  mid  easily  identifiable  boundaries. 
Adult  collecting  stations  consisting  of  groups  of  native  houses,  numbered  by 
tlie  unit  for  identification,  were  establislied  throughout  the  area.  An  adult 
collecting  crew  was  established  to  investigate  these  stations  routinely.  A  larva 
survey  team  of  Draiilians  supervised  by  sanitary  technicians  of  the  detachment 
performed  routine  survey  work  around  the  area,  and  the  oiling  crew  was 
regularly  employed,  as  in  the  past,  to  cover  all  rones.  Tlie  rest  of  the  laborers 
were  used  in  ditch  maintenance  and  construction,  and,  in  addition,  attempts 
were  made  to  perform  some  permanent  control  work. 

Tlie  tidal  drainage  ditch,  in  the  aren  between  the  hospital  and  USAFSA 
headquarters,  was  incriminated  many  times  as  the  source  of  A.  aqumaali*  mos¬ 
quitoes.  The  malaria  control  o&cer,  USAFSA,  had  earlier,  in  December  1043, 
negated  a  proposal  by  the  U.S.  Engineer  Department  to  fill  in  areas  adjacent 
to  this  canal,  considering  that  cutting  through  the  spoil  bank  would  he  all 
that  would  be  necessary.  The  203d  MSD,  however,  found  three  areas  too  low 
to  be  drained  by  laterals,  as  the  soil  along  the  margins  of  the  ditch  was  very 
boggy  and  tlie  water  level  lower  than  in  the  canal  itself.  They  hauled  a  total 
of  00.000  cubic  fret  of  earth  to  fill  and  grade  the  skies  of  the  canal  and  produced 
a  permanent  improvement. 

The  20&d  MSD  took  advantage  of  the  dry  months  to  prepare  for  the 
intensive  malaria  control  pnqrnmi  which  would  he  required  during  the  rainy 
season  in  1045.  In  contrast  to  the  earlier  malaria  control  work  by  the  U.S. 
Army  in  the  area,  advantage  was  taken  of  time  and  equipment  to  do  small 
amounts  of  permanent  control  work,  although  large  projects  were  not  feasible. 
Witen  idle  engineering  equipment  was  available,  it  was  borrowed  by  tlie  detach¬ 
ment  from  i  lit*  pm*  engineer  and  used  for  filling  low  areas  and  eliminating  small 
swamps. 
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Tlie  2<)2d  MSI)  |>erfonin*d  IiI«hm1  survey  work  in  addition  lo  its  mosquito 
surveys,  in  nil  effort  to  evaluate  I  lie  iiiiilnriii  reservoir  in  tlie  nntire  |s>piiliitioii. 
When  DDT  became  available  in  sufficient  quantity,  the  bouses  of  infected 
natives  were  sprayed  with  DDT  residiinl  spray.  Iziter,  this  method  of  control 
was  extended  to  all  native  liiihiiaiions.  DDT  wits  also  employed  routinely  as 
a  larvicide,  with  tlie  inception  of  the  rainy  season.  It  was  |wssihle,  by  the  use 
of  this  insecticide,  to  economize  on  the  use  of  oil  hy  means  of  a  spot-oiling 
teeluiiqne  in  the  less  dangerous  zones. 

In  addition  to  malaria  com rol  aronml  the  Itecife  military  area  mid  survey 
work  elsewlicre  in  t iie  theater,  tlie  dtjil  MSI)  performed  studies  on  the  larvi- 
cklal  effect  of  DDT  in  collaliorutioii  with  tlie  liraxpinn  National  Malaria 
Service.  It  also  |ierfomied  fly  control  work  on  Ascension  Island  and  lit  to]  an 
A-24  airplane  for  tlie  spraying  of  DDT.  Tlie  uir|ihiiie  was  used  at  Natal,  and 
later  at  lleleni  in  an  attem|it  to  eliminate  .1.  tlurftuf/i  from  tlie  environs  of  the 
airhase  and  tlie  city.  Tlie  2U2d  MSI)  thus  was  engaged  in  considerable  exjieri- 
mental  work  in  addition  to  its  routine  duties.  No  new  rases  of  ninlaria  were 
contracted  in  tlie  Recife  military  area  after  tlie  assunqitinii  of  malaria  control 
by  tlie  detachment. 

Amapi. — Aump*  Air  Base  was  situated  on  a  stretch  of  level  grassy  terrain 
about  6  miles  from  tlie  village  of  Amapa  and  alamt  til)  miles  inland  at  2°8'  north 
latitude  and  50°4»'  west  longitude.  Tlie  altitude  was  52  feet  above  sea  level. 
The  country  surrounding  the  base  was  an  undulating  series  of  knolls,  produc¬ 
ing  a  rolling  type  of  landscape.  Beneath  a  3- font  clay  soil  tliere  was  n  hard 
bedrock,  which  inhibited  absorption  of  storm  water  and  caused  tlie  formation  of 
swampy  areas  in  the  depressions  between  tlie  knolls.  During  tlie  dry  season, 
the  nearest  surface  water  was  a  I  salt  1  mile  away  from  the  liase,  Init  during 
the  rainy  season  tliere  were  many  swamps  close  by.  Rainfall  during  tlie  rainy 
season  of  11)12  (January  to  July)  measured  1)2.78  incites,  while  11.15  incites  fell 
during  the  rest  of  tlie  year. 

The  airport  was  developed  first  liy  tlie  Air  Port  Development  Project 
during  11M2.  During  the  dry  season,  about  25  Americans  ami  .*itiO  (oral  Bra¬ 
silian  employee*  were  engaged  in  const  ruction  work.  During  tlie  intense  rainy 
season,  only  a  skeleton  force  of  almut  ti  Americans  and  lttU  Brazilians  was 
maintained,  sines  construction  work  coukl  not  be  pnemifed  effectively  larnm 
of  the  heavy  rains. 

Soon  after  the  onset  of  the  1942  dry  season,  malaria  appeared  ami  reached 
epidemic  proportions.  Over  800  natives  had  to  he  returned  to  their  homes 
hecaum  of  malaria,  and  7  of  the  25  Americans  were  stricken.  Because  ot  the 
lack  of  oral  quinine  or  Atalirine,  treatment  was  effected  by  intramuscular 
injection  of  quinine,  or  quinine  plus  methylene  Mur  intravenously. 

A  medical  nflk-er  of  tlie  Air  Transport  Command  at  BeMtn  was  sent  to 
A  maps  to  remler  whatever  assistance  pmsilde.  This  otKcer  aided  in  tlie 
evacuation  of  many  laborers  who  were  too  ill  to  work.  He  Itnaiglu  supplies 
of  quinine  and  Atabrine,  ordered  prtqdiy lactic  trraimeiit  of  all  Americans, 
also  investigated  the  moequito  po|>ulatioii,  and  |mrf<»rmrd  blond  examination*. 
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Tliu  vwtur  of  limliirin  wns  idenl  ilicd  ns  .1.  ihir/int/i.  Blond  >.  incurs  indi¬ 
cated  ii  predominance  of  Plamnwlht-m  Tlie  si  mil  I  immls'r  of 

Anwriinns  who  Uni  me  ill  is  proloilily  nttrilmtiilile  to  t  lie  use  of  screened 
Lirntcks  mul  bed  nets. 

Two  medical  officers  of  tlie  Trinidad  Sector  mill  Base  (’oinnmnd  were  sent 
to  Aiiiii|in  front  the  I’.S.  Engineer  Department  Hospital,  Trinidad  District, 
10  help  out  in  tlie  epidemic.  At  tlie  time  of  their  arrival.  2N  Novemlier  1!U2, 
the  epidemic  was  already  subsiding.  They  provilled  aililitioiial  ipiinine  ami 
Atahrine  for  treatment,  placed  all  local  civilian  employees  on  cliemical  prophy¬ 
laxis.  »inins  tpiinine  daily,  and  recommended  that  prophylaxis  could  lie 
ouiilicd  nfier  the  |>eriiMl  of  lienvy  mosquito  breeding,  de|>eiidmg  on  the  findings 
of  tlie  still  ion  medical  officer. 

No  furtlter  rejairts  on  malaria  control  at  Amapa  are  available  until  the 
first  monthly  sanitary  re|iort  from  tlie  liase  was  snlsnitted  on  1  Se|ttrinlier  liH-T 
Apparently  no  com  ml  measures  against  a  reoccurrence  of  mnlaria  had  lieen 
undertaken  hy  tlie  Air  Port  Development  Project,  and  the  only  control  measure 
in  effect  was  tlie  spraying  of  barracks  and  tents  hy  six  workers  of  tlie  Servi^o 
Us  |  as in  I  de  Samle  Piihlira.  All  tlie  native  workers  were  removed  from  tlie 
confines  of  tlie  |>ost  to  a  distance  of  about  1  mile,  and  their  sharks  were  burned 
and  tlieir  wells  filled.  Tlie  medical  officer  recommended  some  drainage  meas¬ 
ures  on  tlie  post  to  reduce  the  number  of  mosquito-breeding  foci.  A  request 
was  also  made  tor  a  malaria  control  officer. 

Some  larvicidal  oiling  was  undertaken  by  a  sanitary  squad  under  the 
supervision  of  the  base  surgeon.  The  medical  offirer  noted  that  tlie  number  of 
mosquitoes  present  on  the  Imse  was  far  less  than  at  Amapa  village  or  the 
barge  landing  on  tlie  Rio  Amapa  Grande,  about  55  miles  from  tlie  post. 
Personnel  employed  at  tlie  docks  on  the  river,  or  on  larges  unloading  shipe 
lying  off  the  island  of  Marara  were  required  frequently  to  work  at  night, 
because  the  shipping  was  dependent  on  tides.  These  personnel  were  given 
malaria  control  lectures,  ami  individual  iirottstive  measures  were  enforced 
among  them. 

In  late  July  and  early  August  1IM3,  a  visit  was  made  to  Amapa  by  the 
theater  nralariologist,  I'SAKSA.  Because  of  tlie  small  sue  of  the  base,  exten¬ 
sive  permanent  control  measures  were  not  indicated.  However,  oonw  drainage 
of  swamps  an  the  base  was  recommended.  Kmpiimsis  was  to  be  placed  on 
larviciding  and  on  the  rigid  enforcement  of  malaria  discipline. 

Larvicidal  measures  against  mosquitoes  were  prosecuted  vigorously  by 
the  sanitary  squad.  Nat  i  ve  laborei  a  wen  employed  for  hand  oiling,  using  waste 
engine  oil  and  kerosene,  and  an  improvised  power  sprayer  and  drip  oilers 
were  used  wlierever  possible.  In  addition,  the  routine  spraying  of  harncks 
was  performed  once  nightly  hy  the  crew  of  8ESP  workers.  One  case  of 
malaria  occurred  in  Ihcember  IMS,  in  an  enlisted  man  who  worked  at  night 
at  the  docks.  This  was  the  only  cose  of  malaria  acquired  among  U.S.  Army 
)iersnnnrl  at  Amapd  Air  Base  after  it  was  taken  over  by  the  Air  Transport 
t'iNiiniaml.  A  few  rases  occurred  among  Navy  and  civilian  personnel. 
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The  Inirnn-ks  spraying  detail  of  SKSl*  Uiaine  imsai  ^factory  dm*  in  lurk 
of  rout  ml  hy  tlie  Ariov.  At  t  lit*  cm  l  of  March  1941.  the  medical  olliccr  :it  I  he 
lm.se  was  informed  t lint  SKSl*  would  discontinue  this  work.  The  Imrnicks 
spraying  :in«l  the  Inrviriding  n|M>ral  ions  were  taken  over  by  two  enlisted  tech- 
11  i<-io ns  of  the  57th  MCI),  in  June  1944.  Tlie  commanding  otlicer  of  this  unit 
IhkI  visited  Amu |n>  in  .In  iniurv  1944  niul  hint  umde  some  recommendations 
regarding  control  tlieiv,  and.  in  the  interim  lietwecn  the  cessation  of  work  by 
SKSl*  and  the  arrival  of  the  enlisted  technicians,  tlie  liamicks  spraying  was 
iicroiiiplishrd  hy  other  lmse  |>ersounel. 

In  August  1944,  one  enlisted  mini  of  the  litfcid  MSI)  was  sent,  to  Amiipii 
to  aid  in  surrey  work  amund  the  Imse.  Tlie  work  of  this  mini  was  intended 
to  supplement  tlie  control  activities  of  the  men  of  ihc  57th  MCI).  providing 
knowledge  of  the  extent  and  location  of  the  breed  ini:  places  of  .  I  no/t/trh*  anil 
of  tlie  effectiveness  of  control  measures.  The  mss  I  for  sneli  work  hml  Imen 
brought  out  ill  an  earlier  report. 

Captain  Linderman  modified  the  lurviciding  program  lit  Annipa  h.v  using 
only  erews  of  native  laborers  with  kaa|is:iek  sprayers.  Drip  oilers,  in  use 
pievionsly,  were  removed  I  asm  use  tliey  were  found  to  la*  an  ineffective  iiiethoil 
of  eoutml.  Spraying  of  Imrrncks  ciaihl  lie  reduced,  laswise  of  good  lurvicidal 
work,  to  three  times  weekly.  Concentration  was  placed  <a>  Inrviciding,  al¬ 
though  some  attempt  was  made  to  effect  malaria  control  hy  clearing  swamp 
areas  dose  to  tlie  cantonment,  hy  burning  grass  in  low  areas  during  the  dry 
season,  and  by  tlie  drainage  of  swamps  ami  the  filling  of  small  pits.  Malaria 
control  waa  enhanced  to  some  extent  fay  spraying  native  huts,  starting  in 
Feliriiury  1945,  after  a  case  of  mularia  had  been  incurred  in  an  enlist  is l  man 
of  the  U.S.  Jiavy.  Residual  spraying  with  DDT  was  instituted  in  April  1945, 
after  tlie  arrival  of  a  sufficient  quantity. 

In  Se|>teniber  1944,  a  parasite  survey  was  made  by  tlie  302d  MSD  of 
the  native  population  living  around  the  airbase  at  Amapa.  This  was  done 
to  determine  the  siae  of  the  malaria  reservoir.  Surprisingly,  only  si  cases  of 
/*.  riftM  infection  were  discovered  among  760  natives  examined.  This  ex¬ 
tremely  low  index  may  have  been  due  to  the  fact  tliat  the  surrey  was  performed 
during  the  dry  season.  The  results  do  not,  of  course,  reflect  the  earlier 
epidemic  in  1943,  when  /’.  filei/tarm*  was  reported  to  he  the  malaria  parasite 
involved.  This  is  to  be  expected,  because,  although  faiei/mrvm  produces 
the  moat  acute  disease,  it  is,  probably  because  of  this  characteristic,  tlie  least 
likely  to  cause  relapses.  The  low  index  of  P.  virtue  infections  was  also  due, 
probably,  to  the  fact  that  the  natives  investigated  lived  in  a  small  settlement 
around  the  base  and  well  within  the  control  aone  covered  hy  the  larvickling 
crew.  Moreover,  all  cases  of  malaria  which  had  occurred  in  this  native  popu¬ 
lation  had  been  treated  by  the  base  surgeon  or  tlie  Brazilian  Red  Cross  nurse 
on  duty  there. 

Mosquito  collection*  made  by  tlie  57th  MCI)  ami  tlie  lit  hid  MSD  also 
showed  the  malaria  hazard  to  lie  low  at  tlie  time,  with  only  one  .1.  darlingi 
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found  outside  the  controlled  area,  mid  .1.  jM  iyasHiii  mid  .1.  ik  hhihu,  licit  her  of 
which  are  malaria  vectors,  predominating. 

On  the  basis  of  these  data,  it  was  stated  that  the  airbase  at  Amapu 
fortuitously  had  been  located  in  it  good  urea,  from  the  standpoint  of  malaria 
control.  This  was  said  despite  earlier  remarks  by  the  base  surgeon  that  n 
worse  area  could  not  lutve  been  selected.  Actually,  considering  its  position 
in  the  Amazon  basin,  the  location  of  the  base  f>  miles  from  Aiimpa  village 
and  about  the  same  distance  from  the  tidal  marshes  made  the  problem  of 
control  much  simpler  than  would  have  been  the  case  otherwise.  As  soon  as 
control  measures  were  instituted,  tlie  incidence  of  malaria  was  maintained  at 
a  minimum. 

Sa«  Lais. — In  the  ent  ire  history  of  tlie  U.S.  Army  airbase  at  Sio  I .mis,  only 
one  case  of  malaria  was  reported  to  have  lieen  incurred  among  Army  )iersoiinel 
stationed  there.  Tlie  malaria  situation  was  never  serious  at  tlie  Iwse,  and  the 
routine  control  measures  under  tlie  siqiervision  of  the  base  surgeon  wen- 
ample  to  maintain  malaria  at  a  minimum. 

Tlie  airliase  of  Tiriricnl  Field  was  situated  about  5(4  miles  sontlieast  of 
the  city  of  Sio  Luis  in  the  State  of  Mnranhio,  at  2°35'  south  latitude  and 
44*14'  west  longitude.  Its  altitude  was  about  174  feet  above  sea  level.  The 
city  and  the  airbase  were  on  a  large  island,  lying  in  the  mouth  of  an  extensive 
river  system,  separated  from  tlie  mainland  by  tlie  llaia  ile  Sio  Marcos  and  the 
Bala  de  Sio  Jose.  Rainfall  varies  between  40  to  00  inches  jier  year  with  mast 
of  the  precipitation  occurring  between  Februaty  and  October.  However, 
droughts  do  occur  during  which  time  the  total  rainfall  per  year  remains  less 
than  40  iiK-hes.  Despite  the  proximity  to  the  Equator,  tlie  climate  is  good, 
with  a  mean  annual  temperature  of  83°  F.,  and  relative  humidity  of  80  jien-cnt. 

Tlie  relatively  high  altitude  of  the  base  and  a  terrain  affording  good  drain¬ 
age  lessened  the  possible  malaria  hazard.  AnopAeiei  mosquitoes  of  tlie  species 
A.  dariinffi  and  A.  a^namlu  are  prevalent  in  the  low  country  of  tlie  mainland 
but  not  in  the  interior  of  the  island.  That  malaria  vectors  were  present  near 
the  shore  of  the  island,  however,  was  evidenced  by  a  report  of  seven  cases  of 
malaria  in  one  English  family  living  on  tlie  beach  and  of  tlie  finding  of  many 
aaophelines  in  that  area. 

An  early  sanitary  survey  of  the  base  revealed  liti  le  malaria  potential.  A 
few  anophelinea  (unidentified)  were  found  breeding  in  a  ditch  on  tlie  post 
and  one  adult  AnophtU*  was  captured.  The  use  of  mosquito  bars  and  the 
mnaqwitop  roofing  of  buildings  were  recommended.  These  were  the  only  anti- 
mosquito  measures  applied  until  October  1143. 

During  that  month,  a  large  number  of  Ms  mosquitoes  appeared  which 
were  found  to  be  breeding  in  uvnyrown  ditches  on  tlie  post.  These  ditches 
were  oiled  and  later  filled,  and  the  number  of  mosquitoes  soon  diminished. 

Sio  Tatis  was  visited  by  the  commanding  officer  of  tlie  37th  MCI),  in 
November  1(43  and  in  January  1144.  This  officer  revomnirniled  the  con¬ 
tinued  um  of  bed  nets  during  the  rainy  season,  emphasized  the  need  for  main- 
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tenant*  of  screening,  the  use  of  larvicitlul  measures  against  mosquitoes  during 
the  rainy  part  of  the  year,  and  the  routine  spraying  of  Imrrncks  twice  weekly 
during  the  rainy  season. 

Larvicidnl  measures  were  put  into  effect  by  employing  two  natives  to  tlo 
occasional  oiling  wlten  necessary  anti  another  small  crew  of  Brazilians  to 
operate  a  portable  gasoline  engine-driven  spray  ap|Mimtns.  After  the  np- 
pea ranee  of  the  case  of  malaria  at  Sio  Luis,  an  additional  survey  was  untile 
by  the  commanding  officer  and  two  enlisted  men  of  Hie  .>7lh  MCI).  One  of 
the  enlisted  men  remained  to  supervise  the  mnlnriu  control  program,  consisting 
of  larriciding,  ditch  clearing,  anil  insecticide  spraying,  with  very  satisfactory 
results. 

Fortaleza.  Adjacento  Field  was  sit  tinted  on  rolling  sandy  terrain  alamt 
5  miles  south  of  the  city  of  Fortaleza.  No  malaria  has  ever  lieeii  contracted 
there  among  IT.S.  Army  |M‘rsomiel.  This  situatioii  was  due  mainly  to  the 
fortuitous  location  of  tlie  Imse  inland,  away  from  the  breeding  places  of  .1. 
aqvavili*.  Although  ciaisiderahle  witter  existed  during  tin*  rainy  season  in 
depressions  around  tin-  airfield,  these  )  souls  and  swamjts  afforded  hreeiling 
only  for  innocuous  aiioplielines,  .1.  nrt/yritam*,  .1.  jmkkmi!,  Auo/ihrlr x  *trtnlei , 
and  A.  albilnruit.  While  .1.  albitani*  is  an  iniftortiint  malaria  rector  in  tlie 
Natal  area,  its  zoopliilic  habit  makes  it  unini|iortant  in  malaria  control  in  tlie 
State  of  Gears. 

Precautionary  ' measures  against  malaria  at  Adjacento  Fie  (insisted  of 
the  use  of  moeqnito  bars,  m<joi|iiitopruofing  of  lmrraoks,  and  the  use  of  non¬ 
residual  sprays.  These  measures  were  directed  not  only  against  malaria  but 
also  against  pest  insects  as  well.  The  Imse  was  always  well  sanitated. 

fifth  fat. — Ipitangn  Field  was  located  alaait  il  miles  southeast  of  tlie  city 
of  Son  Salvador  in  tlie  State  of  Haliin,  Brazil,  at  about  12°  smith  latitmle  ami 
38°  wrest  longitude.  Tlie  field  was  several  miles  from  I  lie  coastline,  se|mrated 
from  it  by  a  series  of  dunelike  bills  running  along  the  south  and  east.  Tlie  Rfo 
Ipitanga  partially  bounded  the  landing  field,  while  swanipa  existed  on  nearly 
all  skies  of  the  base.  Prevailing  winds  blew  over  the  field  from  the  southeast 
and  east.  Temperature  ranges  from  70’  to  TO"  with  an  average  of  77°.  Pre¬ 
cipitation  totals  almut  77  incites  per  year  with  a  rainy  season  similar  to  that 
inBecife. 

The  field  was  surrounded  by  depression.-  which  became  filled  with  water 
during  the  rainy  season  and  served  as  mosquito-breeding  foci.  The  field  was 
also  adjacent  to  a  native  village  of  several  thousand  population  in  which  malaria 
was  endemic.  The  Brasilian  National  Malaria  Service  conducted  some  survey 
and  larvicklal  work  around  the  airfield  in  IMS,  when  the  Imse  was  under  con¬ 
struction,  but  this  work  was  apparently  not  extensive. 

Because  of  UJS.  Navy  administration  and  of  the  small  mmilmr  of  Army 
personnel  on  the  base,  control  measures  by  the  U.S.  Army  against  malaria  could 
not  be  made  definitive.  Recommendations  for  malaria  control  in  1M3  included 
drainage  or  filling  of  swampy  areas  on  tlie  bam-,  larriciding  operations  with 
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diesel  ml,  bnrrneks  spraying  mid  ntiiMpiiloprooling,  the  iw  of  the  indoor  movie 
tlienter,  and  the  use  of  bed  nets  mid  of  other  individual  protective  measures 
for  iudi  vidnnls  required  to  work  outside  :>t  night. 

The  U.S.  Kngi neer  I K-joirt incut  employed  a  snudl  squad  of  Brazilian 
hiliorers  mid  also  set.  up  h  series  of  drip  oilers  for  larviciding  standing  waters. 
Vo  further  action  was  taken  by  the  I'.S.  Army  liecause  the  (wise  was  mainly 
under  I'.S.  Xitvv  control  mid  the  T*.S.  Army  Medical  Department  laid  no  ac¬ 
tivities  there  after  Xoveniher  194:5.  In  August  194:5,  the  Area  Medical  In- 
s]  we  tor,  South  Atlantic  Trans|>ort  Division,  Air  Trunsqiort  C'oninnutd,  accom¬ 
panied  a  general  stall  officer  of  that  Headquarters  to  Muhin  on  an  inspection 
tour.  These  officers  concluded  that  iiinlnria  was  not  a  serious  problem  at  the 
Inse  mid  made  recommend  at  ions  for  control  similar  to  those  made  previously 
hy  tile  malaria  control  officer.  I’SAFSA.  In  May  1944.  a  request  was  received 
from  the  commanding  officer  of  I'SAF,  at  Italiia.  for  a  malaria  survey  of  the 
Itase.  It  was  determined  that  a  Xavy  entomologist  was  supervising  malaria 
control  at  Ipitauga  Field,  and  to  avoid  duplication  of  effort,  no  action  was 
taken  hy  this  Headquarters. 

After  the  U.S.  Xuvy  vacated  Ipitauga  H  -lii  ill  early  l94.r>  and  tlie  I’.S. 
Army  took  it  over  as  a  subsist  of  the  Ilecife  military  area,  attention  was  again 
given  to  mnlariu  control.  The  base  surgeon  establislied  liaison  with  the  llra- 
lilian  National  Malaria  Service,  and  10  Brazilian  laborers  were  employe*!  hy 
the  base  engineer  to  work  with  this  agency  on  the  hasp  and  in  adjarent  areas, 
performing  larviciding  and  semi|iennanent  control.  Repairs  were  also  made 
to  buildings  to  make  them  UHwquitoproof,  and  barracks  spraying  and  tin*  use 
of  bed  nets  were  resumed. 

In  the  history  of  I’.S.  Army  occupation  of  Ipitanga  Field,  no  cases  of 
malaria  were  incurred  among  Army  personnel.  Records  show  four  cases  in 
civilians  in  tlie  months  of  April  through  October  1943,  ami  no  cases  after 
July  1954.  No  figures  are  available  on  the  malaria  incidence  in  Xavy  personnel, 
although  some  cases  are  known  to  hare  occurred. 

Theater  Medical  Laboratory 

On  0  January  1943,  Captain  Landis  of  the  Air  Transjmrt  Command  waa 
given  the  responsibility  of  publishing  ami  supervising  the  Wing  and  area 
laboratory.  This  was  later  merged  with  the  laboratory  of  the  200th  Station 
Hoapita!  at  Recife.  On  24  April  1944,  Captain  Kagan  became  chief  of  labora¬ 
tory  service  and  epidemiologist. 

The  laboratory  had  by  this  time  become  the  theater  medical  laboratory 
and  histopatbology  center.  In  June  1944,  this  laboratory  was  reorganised  to 
include  an  Ephlemiology  Section,  of  which  Entomology  and  Parasitology  were 
subdivisions.  On  14  July  1944,  the  202d  Malaria  Survey  Unit  was  given  space 
in  the  laboratory  and  took  complete  charge  of  the  Entomology  Section.  The 
unit  also  assisted  the  Parasitology  Section  in  certain  aspects  of  its  work.  l)ur- 
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iiig  IWt,  a  total  of  .'(6,4:17  pnavditres  were  iicconiplishiNl  in  the  liilxintloiy.  of 
which  684  had  to  do  with  entomology  mid  5,730  with  ptmisilnlngy.  In  1945. 
the  number  of  procedures  totaled  31,324,  of  which  5,901  relnted  to  parasitology, 
2,032  being  umliiria  smears.  Only  62  insect  ident  i  lieu  t  ions  we  tv  ]>erfoniied,  the 
medically  important  anthrojxNls  of  the  area  having  been  largely  recognized  the 
previous  year. 

Achievements 

In  June  1045,  the  strength  of  the  Coiuinniid  ( l’SAFSA)  reached  10.000. 
Tlie  “Green ’’  Project  (return  of  troops  front  Enrol**)  wits  then  in  full  swing. 
Although  this  represented  the  greatest  numlier  cx|hisc<1  to  tropical  health 
hazards  in  tlie  history  of  the  TJSAFSA,  the  incitlrnre  of  nniluriii  was  close  to 
the  lowest  for  the  entire  period  (table  18).M 
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The  commanding  general,  Maj.  Gen.  Kalph  II.  Wooten  was  able  to  report, 
in  July  1945,  that  through  intensive  application  of  permanent  control  measures, 
extracantonmeiit  sanitation  in  coo]*ration  with  Brazilian  health  agencies,  and 
enforcement  of  malaria  discipline,  malaria  had  been  practically  eliminated 
from  I7.S.  Army  liases  in  Brazil. 

EXTRAMILITARY  RELATIONS 

Liaison  with  varioua  Brazilian  agencies  involved  cooperative  activity  along 
the  following  lines: 

1.  Assistance  in  malaria  control  activitiea  in  areas  adjacent  to  U.S.  Army 

bases. 

2.  DDT  made  available  both  for  control  purposes  and  for  experimental 

work. 

3.  Demonstrations  in  use  of  DDT. 

Of  the  several  Brazilian  agencies  involved  in  medical  liaison  with  the 
USAFSA,  three  were  especially  important  in  relation  to  malaria: 

1.  The  Brazilian  National  Malaria  Sen  se  (Dr.  Mario  Pimitti). 
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2.  Tim  Port  1  IiMiltli  Sfrriif  (Dr.  F.  Cm-ncim  dc  Mcndoui-u').  This 
agency  had  lo  do  with  disinsectization  and  foreign  ipiiirantine. 

3.  Service Ks|iecinl  dc  Sarnie  Publics. 

Close  contacts  were  of  course  tnuiutiiined  with  llie  Mnlical  ])e|>iirtiuents 
of  the  Brazilian  Army,  Navy,  and  Air  Force. 

Insofar  as  malaria  is  concerned,  llie  Division  of  Health  and  Sanitation 
of  the  Ollice  of  tlie  Coonlitmtor  of  Inter- American  Adairs  was  |a*rlut|ts  the 
most  important  cno|ientting  agency.  Considerable  aid  was  furnished  the 
U.S.  Army  in  malaria  control  work  Imili  at  liclrin  and  at  Forlalc7.it. 

The  Brazilian  Xntional  -Malaria  Service  was  cs|>eciiilly  helpful  in  areas 
where  tile  Office  of  the  Coordinator  of  littcr-Ainerican  Adairs  did  not  operate. 
At  Sio  Luis.  Fortaleza,  Natal,  liecife,  and  Baltin,  this  agency  furnished  data 
to  the  malaria  control  officer,  ns  well  ns  to  Imsc  surgeons.  Control  work  by 
the  U.S.  Army  in  these  areas  was  then  ooordinatetl  with  Brazilian  nctivitics. 
At  Recife,  the  SHtfil  MSI)  cnrrie<l  on  joint  experiments  with  Dr.  Lui-cnn.  of 
the  Brazilian  National  Malaria  Service,  concerning  the  use  of  DDT  as  a 
larvicide.  Likewise,  n  “guarda"  was  loot  us  I  by  this  agency  to  the  dtttd  MSI) 
to  collect  epidemiological  data.  Tlie  data  furnished  liy  the  Detachment  were 
made  tlie  basis  for  treatment  of  infected  natives  by  the  Brazilian  Xntionnl 
Malaria  Service.  Tlie  2<>2d  MSI)  also  assisted  this  agency  in  planning  residual 
spray  experiments  (with  DDT)  for  tlie  control  of  mlult  anophelines. 

Tlie  SESP,  ai  an  early  dnte,  set  up  a  program  of  permanent  and  tem¬ 
porary  control  measures  around  Belem  and  of  lta tracks  spraying  at  Amapd. 
Although  control  procedures  at  these  points  were  later  taken  over  by  the 
57th  MCI),  the  SESP  continued  to  furnish  survey  information  of  vital  im¬ 
portance  to  the  work  of  this  group.  Tlie  SESP  also  coo|>e rated  in  two  surveys 
at  Ibura  Field.  In  1943.  this  agency  invited  the  tlieater  sanitary  engineer, 
USAFSA,  to  conduct  an  inspection  of  their  facilities  in  the  Amazon  Valley. 

The  most  important  achievement  of  a  cooperative  nature  was  tlie  establish¬ 
ment,  in  January  1944,  of  an  etveient  system  for  disinsectization  of  aircraft 
coming  from  Africa.  Brazilian  national  health  authorities,  Brazilian  port 
mnitary  personnel,  the  Roc ke idler  Foundation  representatives  in  Rio  de 
Janeiro,  and  the  U.S.  Army  w*-e  jointly  involved. 

In  1944-45,  important  work  was  accomplished  outside  of  military  com¬ 
mand  under  the  auspices  of  the  Inter- American  Cooperative  Public  Health 
Services  in  Latin  American  countries.*4  Anopkdt*  p*evdopunctiptnni»  was 
shown  to  occur  on  the  west  coast  of  South  America  from  sea  level  to  11,000 
feet.  Its  range  was  confirmed  as  including  Bolivia,  Chile,  Colombia,  Peru, 
and  Ecuador,  as  well  as  parts  of  Mexico  and  most  of  Central  America,  .(nop A 
eh*  ditriinpi  was  identified  from  Bolivia.  Brazil.  Colombia,  Guatemala, 

•Ml)  Tftifr,  C.  H. :  lfo«4atto  Work  la  Ike  Otb»ir  Aariira*.  Prof,  X.  J.  Mnaq.  Kxtmala.  Am. 
82: 1 34- 142.  IMS.  (2)  Bhhoff,  F.  C..  a  ad  Stair.  II.  H. :  A  Rrrlrw  of  Mmqvlto  Work  la  a  World 
at  War  la  1144.  Pro*.  X.  i.  Moo*  CKnals.  Am.  32 :  1.1  23.  IMS. 
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Honduras,  British  1  fond  unis,  the  Gimlclimlnit  honndnry  of  Mexico,  eastern 
Peru,  and  Venezuela.  Anopheles  albitarxi*  was  lisled  from  Brazil,  Bolivia, 
Colombia,  Trinidad,  British  Guiana,  Venezuela,  and  Paraguay.  Anopheles 
albimanus  wiis  continued  for  Ecuador,  Venezuela,  Colombia,  Panama,  Costa 
Rica,  Nicaragua,  El  Salvador,  Honduras,  Guatemala,  Mexico,  Cuba,  Haiti, 
and  the  Dominican  Republic.  Cuba  and  the  British  Colonies  were  not  in¬ 
cluded  ill  these  particular  in  .estigat  ions. 

Permanent  drainage  projects  were  carried  out  in  Guatemala,  El  Salvador, 
Honduras,  Nicaragua,  and  Costa  Rica.31  While  these  were  underway,  tem¬ 
porary'  control  measures  included  larvieiding  with  jairis  green,  diesel  oil,  and 
DDT,  also  DDT  spraying  in  houses. 

South  American  Countries 

An  informative  account  of  nuilnriu  control  work  in  moet  Central  nnd 
South  American  countries  during  the  war  years  lias  lieeii  prepared  by  Gal  ad¬ 
don.1*  Administrative  organization,  anti  parasitic  measures,  nnd  antinnoph- 
eline  measures  air  discussed.  Budgets  are  compared  for  the  years  1!>:19 
to  Pacts  ami  tigtiirs  ap|ieaia  to  justify  future  emphasis  on  Rnopheline 

reduction  or  eradication.  Exclusion  uiid  interception  measures  (spraying  in¬ 
side  houses)  are  reported  as  very  effective.  Such  information  may  be  of  great 
potential  importance  in  |iussilile  future  military  o|>erntions,  ns  well  as  in 
relation  to  various  activities  of  a  commercial  and  industrial  nature,  mi  which 
the  continued  prosperity  of  tlte  Americas  depend. 

Part  III.  Experience  in  the  Caribbean  Defense  Command 

ORGANIZATION 

General 

11m  Caribbean  Defense  Command  was  activated  8  May  1041,  with  head¬ 
quarters  at  Quarry  Heights,  C-Z.*’  General  Orders  No.  8,  issued  29  May  1941, 
defined  the  Command  as  consisting  of  the  “islands  in  or  bordering  the  Carib¬ 
bean  Sea,  the  Guianas,  Venezuela,  Colombia,  Ecuador  and  the  countries  of 
Central  America  (except  Mexico).”  The  same  announcement  created  three 
sectors  to  he  known  as  the  Trinidad  Sector,  the  Puerto  Rican  Sector,  and 
the  Panama  Sector. 


■*11)  Harria,  R.  K.:  Malaria  Coalr-I  la  Oalral  Aanln.  Pri*.  K.  J,  Moa*.  Eilnala.  Ana. 
XI:  IM-IM,  im  <J)  Blafcapp.  r.  C..  aa«  BUv.  H.  H. :  A  Eartaw  a t  Caatritatlaaa  t«  tka  Kaawl- 
aS*a  nt  Hw,Rltnm  arnaaS  tka  WorM  Sariar  IMS.  Pnr.  K.  J.  Mnaq.  Rxirmla.  Am.  S3:  123 '117, 

IMS. 

"GakaMaa,  Anaida:  Malaria  Caatral  la  tka  Xntnrk  IvIm.  Im  Xalaiklip,  rilM  kjr 
Mark  r.  B »j4  PMIadotpkla :  W.  II.  Saaadara  Ca„  IMS.  rot  II.  pa  14AA-141S. 

"  A  Htrtary  at  Madleal  Dapartaarat  AariaMaa  la  <ka  CatMna  Dafaaaa  CoaiauaS  la  WorM  War 
n.  Wal.  1.  pp.  111-13*.  Map  IMS.  fOSMal  raaarS.  | 
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The  CnrihU'iin  Defend  Command  wns  thus  formed  of  the  long-established, 
hut  recently  expanded,  I’CI)  (Puiiniiiii  < 'mini  lte|wirtiiient)/'  together  with 
the  Puerto  liiean  Depn  rtinent,  which  hurl  come  into  existence,  in  May  1 
and  whose  headquarters  were  located  at  Sun  .liitiu,  IMt.,  ami  which  included 
the  Virgin  Islands.  To  tliis  conihinnt  ion  wns  added  the  Trinidad  Base  Com¬ 
mand.  and  all  the  |>osts  and  inxtnllnl  ions,  insular  or  continental.  geographically 
associated.  These  included  the  various  new  liases  to  the  southward,  which 
had  been  established  as  a  ivsult  of  negotiations  with  the  Netherlands  and 
with  Great  Britain. 

The  practice  of  referring  to  “Atlantic"  and  “Pacific"  Sectors  within  the 
PCI)  appeal's  not  to  have  lieen  continued  into  the  war  years.  The  entire 
1*CI)  thus  Ins-ii me  a  si nirle  sector,  of  the  saint'  mime. 

This  arrangement.  however,  was  not  jieninilielit.  The  Cnrihlienn  Defense 
Command  underwent  n  niimlier  of  internal  adminisimtive  (Images  liefore  the 
end  of  the  war,  tlie  essential  fenturesof  which  may  la*  silimnnrized,  as  follows: 

Confusion  arose  almost  at  once  as  to  the  relation  of  the  Trinidad  Sector 
(and  Trinidad  Base  Command)  to  tlie  former  Puerto  Itieau  l)e|  mi  rtinent. 
This  was  clarified  in  .Time  1043,  by  the  estnhlishment  of  tlie  Antilles  Depart¬ 
ment,  with  Headquarters  at  San  Jnnn,  which  eliminated  the  Ihierto  liican 
Dpjmrtment,  ns  such,  and  placed  tlie  Puerto  Hicnn  mid  Trinidad  Sectors  on 
an  equal  footing  within  the  new  administrative  unit.  This  continued  into 
rW4,  when  ilie  two  subordinate  sectors  were  in  turn  eliminated  and  nil  poets 
in  the  Antilles  came  under  tlie  direct  control  of  Antilles  Department 
Headquarters. 

The  Sixth  Air  Force  was  a  jmrt  of  tlie  CariWean  Defense  Command  but 
had  the  same  area  of  control  as  the  Command  ilself.  It  wns  administered 
by  the  Sixth  Air  Base  Command. 

Medical 

For  some  time  after  tlie  establishment  of  tlie  Caribliean  Defense  Command, 
no  centralised  direction  of  medical  affairs  was  autliorixed.4*  Each  major  sub¬ 
division  of  the  Command  continued  to  handle  its  own  medical  problems  and 
to  send  reports  directly  to  Washington,  1>.C.  Tlie  surgeon  of  the  PCI)  m  the 
chief  health  officer  of  the  Panama  Canal  were  available  for  consultation  in 
special  cases. 

The  Corps  of  Engineers  maintained  a  medical  service  for  its  civilian  em¬ 
ployees,  which  functioned  shle  by  side  with  the  Army  Medical  Services. 

Tlie  first  step  toward  tlie  establishment  of  an  office  of  the  surgeon  for  the 
entire  Command  came  alsmt  on  14  June  11M3,  when  Maj.  (later  Col.)  Daniel 
Bergsma,  MC,  arrived  from  tl  e  l'nited  States  to  serve  tlie  headquarters  staff, 
with  special  responsibility  for  *  enereal  disease. 


"Brifort  1*40.  Ib«  Fiaum  Carnal  Deparlntat  m  mlrtrtd  to  tto  Carnal  Xww. 
■  War  Depart a»eat  Fiapkkt  fc-2.  t  Apt.  IMS. 

AihmI  lto|M>rt,  Pin  nt  the  torrua,  I'gHUrai  Meg*  CmumniI,  IMA. 
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On  l.‘t  October  194.1,  Prig.  (ten.  (Inter  Miij.  (ten.)  Morrison  <'.  Stnyer. 
incumbent  chief  hen  It  1 1  officer  for  the  Pinuinut  (’niml.  wns  ilesiginv.ed  ns  surgeon 
of  the  Caribbean  Defense  Command,  and  an  “Office  «»f  The  Surgeon"  thus 
bernme  established.  After  this  «htte.  must  of  the  medical  iv|h>i1s  from  Isith 
the  l’nnHiiia  ('anal  ami  Antilles  Dejmrtments  passed  through  this  hemhpnirters 
for  review  mid  consolidation  liefore  being  sent  to  Washington.  This  whs  a 
great  advantage  to  the  Caribl)e»u  llefense  ('imnoiind.  as  many  decisions  in¬ 
volving  change  of  policy  could  lie  rendered  by  t lie  ('iHimiand  surgeon,  ami  the 
necessary  procedures  could  lie  put  into  effect  without  waiting  for  directives  from 
Washington,  where  there  was  not  always  complete  understanding  of  practical 
conditions  in  the  field. 

liy  the  end  of  1943,  General  Stayer  anil  liis  assistnni.  Major  liergsmu, 
already  familiar  with  the  malaria  situation  in  the  Pinmimi  ('anal  Zone  and 
adjacent,  territory,  had  made  special  malaria  studies',  in  lioth  the  Puerto  Rican 
and  Tri.iidad  Sectors  of  the  Antilles  Department. 

The  Sixth  Air  Force  served  three  “Areas"  corresponding  m  ihe  “Sectors" 
of  the  Caribbean  Defense  Command.  Seventeen  airbases  were  involved.  In 
1942,  (be  situation  for  the  Panama  Area  (seven  buses)  was  as  follows: 

Amm<  nj  Wm  Mntieml 

Albruoh  UrM.tM.. _ _ fl  (4  of  these  oailnty  stains). 

France  Field.  C.Z _ -  4  (2  of  three  on  duly  Mutual. 

Howard  FlekMAZ _ 2  ihOl  on  duly  Malm).  ( Hunreoos,  lflth  Air  Base 

Group,  Actlaf  Base  Buraeoe.) 

Ki»  Halo.  R.  <le  1* . i 

(Inal  mala  I'll) _ 2  toa  duly  Malm  (nan  Howard  Field  and  France 

Field). 

(lalii|«R<»  Islands.  Krnador _ 3  (all  oo  duty  Mulua  from  Aihrnnk  Field). 

Salinas,  Krnador _ 3  (all  oo  duly  Malm;  1  eui-h  frotu  llowant  Field, 

Albrook  FtrM,  and  Frame  rietd). 

In  1942,  tins  situation  for  the  Trinidad  area(tive  liases)  was  as  follows: 

-Vl«M  •/  k»M  Jfrdiral  i|hm 

Waller  Field.  Trtaldad,  MM. . 1  awdleal  idBcer. 

Beane  FleW,  ft.  Lwcta, B.W.J _  None  (Ihat  Is,  IVad  Burgeon,  not  Air  Forte.  Burgeon, 

At h  Bombardment  Hsnadna  here,  however). 

Halo  Field,  Curacao,  N.W.J - None  (Surgeon,  owh  Bombardment  Hquudmu  here). 

Atkinson  Field.  British  Onlana . i  Burgeon,  44th  RecoMMlssame  Squadron  here.) 

Xandery  Field,  Kaiiaam _ _  1. 

In  1942,  the  situation  for  the  Puerto  Rican  Area  (live  bases)  was  as 
follows: 

x*me  •/  tear  jrediral  •yrrri 

Boriaqnea  FleW,  l\R -  14  mdWI  nOcera  (boepUal  (arilitles  for  BO  beda). 

looey  Field.  I*.R -  »  medical  <dBr.es  Cmspital  fadlilles  for  M  beds). 

Benedict  Field,  Sr.  ('mix -  i  Snrgroa.  md  »f  Air  Force.)  (Burgeon,  13th  Baaa- 

bardawnt  Squadron  Acre.) 

CooOdge  Field,  Autism . .  (Huipuu,  not  of  Air  Fareu.)  (Barn—,  38th  Beat- 

hardmeut  Squadron  here.) 

Veraum  Flehl,  Jaamira -  iHnrgrou,  not  of  Air  Forre.l 

in:n>-o — is 
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In  1912,  (he  personnel  of  the  Sixth  Air  Force  were  not  well  provided  for 
in  the  matter  of  medical  care.  This  was  particularly  true  in  the  field  of 
preventive  medicine,  although  reasonable  protection  was  ucliicvcd  through 
tlie  environmental  sanitation  program  of  tlie  Army  Ground  Forces.  The  Air 
Force  was  particularly  vulnerable  to  nuihiria,  because  of  frequent  missions 
into  and  out  of  malaria  mens.  Infected  Air  Forco  personnel  could  also  serve 
as  new  reservoirs,  on  return  to  base,  us  did  troops  of  all  organizations  when 
evacuated  from  malarious  territory. 

PANAMA  CANAL  DEPARTMENT 

The  malaria  control  activities  of  the  Caribbean  Defense  Command  will  be 
treated  in  two  units,  pertaining  to  the  two  Departments  ns  finally  constituted. 
These  will  be  followed  liy  a  special  section  dealing  with  tlie  Sixth  Air  Force. 

As  already  stnted,  this  DejNirtment  represented  n»  expansion  of  military 
activities  normally  limited  to  the  Cnnnl  Zone,  but  which,  in  the  interest  of 
hemisphere  defense  required  tlie  establishment  of  numerous  installations  in 
adjucent  territory.  At  its  greatest  expa usion,  tlie  Department  extended  from 
about  20°  north  latitude  to  6°  south  latitude  ami  from  77°  to  89“  west 
longitude. 

A  brief  statement  concerning  tlie  malaria  hazard,  including  facilities  for 
control,  will  lie  given  for  each  of  tlie  Keiwblics  or  de|>eiidencies  in  wliirli  the 
Army  operated.  These  statements  pertain  chiefly  to  conditions  prevailing  at 
the  outbreak  or  during  tlie  early  period  of  the  war. 

Countries  and  Dependencies  Concerned 

Gaalemala. — National  public  health  administration  is  a  function  of  tlie 
Bureau  of  Public  Welfare,  which  was  organized  by  presidential  decree  in 
August  1941/'  Its  activities  include  special  programs  for  malaria  control. 

In  this  country,  the  rainy  season  extends  from  December  to  May,  while 
the  remainder  of  the  year  is  relatively  dry.4’  The  greatest  rainfall  is  on  the 
Atlantic  side.  Malaria  is  severe  and  almost  universal  on  the  coasts;  it  is  also 
serious  in  the  river  valleys. 

Early  campaigns  against  mosquitoes  were  confined  chiefly  to  oiling  and 
dusting  and  wen  not  especially  effective.  Drainage  projects  wen  few  and 
insignificant  as  compared  with  the  obvious  need. 

Anophcle*  olbimanvs  is  the  principal  malaria  vector,  being  found  on  both 
coasts  as  well  as  in  the  Peten  district.  AnopAeltt  paevdopunctipenni*.  Iiowever, 
is  prevalent  in  the  central  highlands,  while  A.  veatitipeimis  proved  the  major 
vector  in  the  camps  along  the  Coban-Peten  highway.  Anophele*  dariingi 
is  found  in  Peten  province  and  around  Lago  de  Isabel. 


*  StCnl  o4  Ba  altar?  Data  aa  Oaatrmala.  CasSM  kjr  UM  Motteal  latrlllgracv  Braark,  hr- 
Ttatln  MctUdaa  Dtrtataa.  OMca  at  Tfca  Sarpcaa  Oaaaral,  17.1,  Arwy,  IS  Jaaa  ISO;:. 

a Er,,rt.  u.  Cal.  V.  H.  Caraail,  MC.  V.U.  Ana?,  aakjact :  Baaltary  Sarrcy  «r  OaataaMla,  12-3# 
Mar.  1M1. 
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It  should  Ik*  n-uicmlicml  that  K1  Snlvmlor  lms  no  Atlantic  coastline.  For 
various  reasons,  it  wins  the  southern  (cotistnl)  |K»rlion  which  was  considered 
must  im|H>rlnui  from  n  military  stuml|Miint.  For  example,  El  Salvador  is  the 
only  |h»ii  on  the  tiulf  of  Fonesnt  where  the  water  is  deep  enough  for  fairly 
large  ships  to  tie  up. 

This  region  is  tropinil.  The  dry  senson  extends  roughly  from  I  leceitiliur 
to  April.  There  is  n  great  inerense  in  inti liirin  in  the  rainy  season. 

In  mi,  mnliiriii  control  in  El  Snlvmlor  was  “in  its  in  fancy. '  Surveys  by 
spleen  |  mi  I  put  ion  mill  blood  smears  had  been  iiuide  hy  l>r.  Henry  AY.  Knmni  of 
tlie  Rockefeller  Foundation,  ami  n  drainage  deinonstrntion  project  had  lieen 
e<Midiicted  at  Sun  Miguel.  Malaria  was  the  great  scourge  of  the  eountry,  lie- 
yond  a  doubt,  hut  pmctienl  contnd  measures  had  not  been  put  into  practice  on 
an  effective  stale.  It  was  necessary  for  military  |tersoiinel  to  make  provision 
for  tlieirown  protection. 

It  is  |terlni|is  worth  mentioning  that  Kl  Salvador  has  the  densest  |K>pnhi- 
tion  of  any  area  on  the  mainland  in  tlie  CuriMiean . .  Gulf  regions. 

Nktraiu. — The  National  Health  l)e|mrtment  is  lieaded  by  the  Secretary 
General  who  is  also  Tlie  Surgeon  General  of  the  Army.  This  Department, 
which  replaced  tlie  Health  Division  of  the  former  Ministry  of  Health  and 
AVelfare,  has  eight  administrative  sulNiivisions.  including  tlie  ('entrnl  Public 
Health  Laboratory  (also  known  as  the  National  Institute  of  Health).  Tlie  re 
is  a  Rural  Hygiene  Division  which  attended  cam|migns  against  malaria,  be¬ 
fore  IMS,  but  with  indifferent  success.*7 

On  the  Pacitic  side,  tlie  rainy  season  continues  from  some  time  in  May  to 
early  December.  On  tlie  Atlantic  side,  tlie  dry  senson  is  lunch  shorter,  or 
absent.  In  tbe  more  thickly  populated  western  areas,  tlie  temperature  is  high, 
with  April  and  May  most  depressing,  due  to  cessation  of  the  trade  winds. 
Tlie  rainfall  at  San  Juan  del  Norte  is  especially  heavy. 

A  possible  canal  route  exists  up  the  Kio  San  Juan  on  the  Atlantic  side, 
through  Lake  Nicaragua  and  Imke  Managua,  and  ncroes  a  narrow  strip  of 
land  to  the  Pacitic. 

Malaria  is  prevalent,  and  there  is  a  constant  reservoir  in  the  native  popu¬ 
lation,  which  lives  almost  entirely  in  unscreened  houses.  It  was  realised  by  the 
military  authorities  that  any  operations  aimed  at  clearing  the  region  along  tlie 
Rfo  San  Juan  would  both  increase  population  and  improve  breeding  conditions 
for  vector  anophelines  in  that  region.  In  the  1M1  survey,  Lt,  Col.  Virgil  H. 
Cornell,  MC,  stated  that  malaria  was  a  menace,  all  along  the  coasts,  in  the  river 
basin*  and  about  the  lakes.4* 

The  princi|>al  vector,  as  in  other  Central  American  countries,  is  A.  afbi- 
mantw.  Anophele *  aqvaMlU,  A.  jmrmdoptinciipennia,  and  .4.  argyriianl $ 


"  MiOwl  i  Ml  SaaMar/  D»la  aa  Rtaaraasa.  CnartM  I;  Krtleil  lilriHran  Bra  art.  Prr- 
Tratln  Hrtrlw  PtrlMaw.  OMar  «f  T*»  lina a  Bmul,  f.B.  Army.  T  Nor.  IMS 

•  Baeart,  U,  Cal.  V.  H.  CaraMI,  VC.  US.  Arm/,  artjwt:  Sa altar.  Surra/  af  Klnniaa,  tt 
rrt.  ■  Mar.  1*41. 
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Hy  1043,  more  lusting  cont rol  measures  had  been  instituted  in  the  environs 
of  Puerto  Barrios,  Guatemala  City,  San  .lose,  uml  along  ilie  route  of  the.  Pan 
American  Highway.  Topographic  surveys  were  also  underway,  ns  a  basis 
for  long-range,  permanent  improvements. 

Honduras.— In  1041,  the  health  department  of  Honduras  was  reported 
as  rather  poorly  organized,  with  an  ina.lequutely  trained  staff.11  From  a  sani¬ 
tary  st andpoint,  therefore,  any  military  force  had  to  lie  prepared  to  supply  its 
own  protection  and  facilities. 

On  the  north  coast,  there  is  much  rain.  The  jieiiod  from  February  through 
June  is  most  moderate  in  this  respect.  In  tlie  south,  however,  conditions  are 
quite  different,  with  two  short  rniny  ]>eriods  which  fall  in  Mny  and  late 
October  or  November.  In  the  mountainous  areas,  on  the  other  hand,  rain  pre¬ 
vails  from  April  to  October.  Malaria  is  serious  in  the  north,  which  is  char¬ 
acterized  by  ninny  brand  swamps;  also  in  the  south,  though  here  the  disense 
is  more  seasonal.  Drainage  is  especially  poor  aliout  the  Gulf  of  Fonescn,  and 
there  is  much  malaria  along  the  winding,  lower  courses  of  streams  and  rivers 
which  flow  into  it.  lit  the  highlands,  the  disense  occurs  chiefly  in  ) arsons 
“from  the  coasts.” 

In  11*41,  mosquito  control  hail  been  practiced  in  “Company"  arens  ami  to 
a  lesser  extent  in  village,  ear  them.  Efforts  at  oiling  and  drainage  were 
both  so  s|Hinidic,  ho-.veve  hat  little  good  had  resulted  as  extensive  breeding 
areas  nearby  hnd  been  lelt  quite  undisturbed.  By  1943,  however,  the  Inter- 
Ameriran  Cooperative  Public  Health  Serrices  had  uegun  to  function,  and 
projects  for  mtilnria  control  were  developed  in  several  regions,  including  the 
|mm1s  of  Amnpnln  on  tlie  Pacific  side  and  Puerto  Castilla  on  the  Atlantic  roast. 
Tliere  was  also  provision  for  emergency  ntalarin  control  in  the  cant]*  of  tlie 
workers  on  the  Pan  American  Highway  and  on  the  Potrerillos-Pito  Silo  road.44 

British  Honduras,  thougli  within  the  general  area  of  tho  Caribbean  De¬ 
fense  Command,  is  not.  properly  within  the  scope  of  this  discussion.  It  is 
never!  lie  less  of  interest  to  note  a  British  report  for  1939.“  During  that  year, 
853  cases  of  malaria  were  admitted  to  public  hospitals  in  the  colony ;  31  hospital 
deaths  were  ascribed  to  malaria,  with  84  deaths  in  the  colony  as  a  whole.  Out¬ 
patient  cases  treated  at  hospitals  numbered  4,115. 

El  Salvador. — Although  it  is  the  smallest  of  the  Central  American  States, 
El  Salvador  has  a  Ministry  of  Agriculture  and  Public  Health  which  includes  a 
Preventable  Disease  Division.  The  latter  is  organised  into  five  subdivisions, 
one  of  which  is  concerned  wholly  with  malaria  problems.4* 

■  Srport,  Lt.  CaL  V.  H.  CwraeU,  UC.  U.S.  An*,,  nk]«< :  Ba  altar,  Sartre,  at  Heatons,  1-T 
Mar.  (Ml 

**  Medical  a  art  *»  altar,  Data  «a  Hotoaraa.  Prepares  k,  tka  Merttcal  IaleUlfaaea  Braaefc,  Pie. 
vratlrr  314011*  Wrlaloa.  OMee  at  Tlie  Sarfeea  OeaeraL  V.S.  Araay,  U  Sept.  IMS. 

•  MetMeal  aa4  Saaltarr  SepoHa  traa  BriUak  Caleal as,  Prelartaralra  aa4  Dapiafcaelae  far  the 
rora  1KIP-1MI.  Krltlak  Hoatoraa  (1*3*).  Trap.  Ms.  BaU.  41  |*appL)  i  SIT-SIS  IMA 

•  Srport.  U.  Oat.  V.  M.  Carartl,  MC.  U.B.  A  ray,  aekjart  t  Sa attar,  Barr*,  at  D  Salvator,  T-1S 
Mar.  IM1. 
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are  also  present.  Mnluriti  reaches  ils  highest  incidence  in  the  beginning  of  the 
rainy  season  (May  and  June)  mid  ngain  at  the  end  (October  to  Decenilier) 
wlien  optimum  breeding  conditions  nliouiid.  Malignant  tertian  nmlnriii 
predominates. 

Costa  Rkm,  1941  . — T1h>  government  has  a  department  of  public  health 
with  a  number  of  snhdivisioits.  At  least  four  of  these  have  some  interest  in 
malaria.  Tire  Rockefeller  Foundation  nud  the  Pini-Ainerieiin  Sanitary  lliirenu 
extend  advisory  services.*' 

The  Ion#  coastal  areas  were  of  the  greatest  interest  from  n  military  stand¬ 
point.  The  dry  season  extends  from  December  into  April.  The  rain  on  the 
Atlantic  coast  is  heavier.  Malaria  increases  with  tire  wet  season,  tire  |ieak 
falling  about.  1  month  after  tire  |ienk  of  rainfall.  Sixteen  kinds  of  Anopheles 
have  been  found  in  Costa  llica,  but  only  A.  albimanus  is  an  ini]>ortant  vector.** 
Official  mortality  statistics  far  1040  re|mrted  010  deaths  from  malaria,  or  140 
|ier  100,000  for  the  entire  country.  Since  75  |>erceiit  of  I  lie  people  live  in  the 
relatively  healthy  central  plateau,  this  means  a  death  rate  approaching  500 
per  100,000  in  tlie  coastal  regions.  (In  the  same  year,  the  highest  malaria  death 
rate  in  the  United  States  was 0.1  per  100,000  reported  in  Arkansas.) 

With  the  assistance  of  the  Rockefeller  Foundation,  considerable  anti- 
malaria  drainage  bail  been  carried  on,  particalarly  in  tlie  province  of 
Onanacaste. 

Republic  of  Panama  —The  Ministry  of  Public  Health  in  194:).  through 
its  Malaria  Section,  operated  a  Division  of  Malaria  Studies.  Its  activities 
were  directed  chiefly  toward  antimosquito  work.  Kiglit  projects,  employing 
366  nationals  were  being  carried  on,"  and  an  intensive  limit  h  education  program 
was  in  operation.  In  addition,  the  Division  of  Sanitation  lmd  two  technicians 
for  malaria  studies  on  the  staff  of  its  chief  sanitary  inspector. 

Tlie  Division  of  Health  and  Sanitation  of  tlie  Offke  of  the  Coordinator  of 
Inter-American  Affairs  cooperated  with  the  Republic  of  l*anama  on  its  ma¬ 
laria  program,  which  consisted  largely  of  drainage,  entomological  studies, 
ditch  construction,  larvicidal  work,  and  ditch  maintenance. 

These  agencies  served  the  urban  centers  well,  but  many  parts  of  the  in¬ 
terior  lacked  any  organised  public  health  work.  The  United  Fruit  Company, 
however,  had  a  comprehensive  health  program  which  n  lmled  malaria  and 
insect  control. 

The  population  is  concentrated  along  the  aescoaUi  and  riven.  Certain 
large  areas  an  sparsely  populated.  Malaria  is  the  principal  health  problem, 
from  both  a  civilian  and  a  military  standpoint.  An»pheU*  aibimaimt  is  the 


•Ba*act.  Lt  M  r.  R  CeratU.  1IC.  I'l  Ann.  aal|r;t :  Baaltarr  Sartejf  *<  Cmita  Bice, 
ii-w  r-v  ihi 

"  MaSleal  m  Saaltarr  DcU  ea  CmIi  Sica.  C»— Had  kr  IMleal  lateilWeace  Braaefc.  PrwrraUra 
IMMm  HtWm,  OSn  «r  Thr  Saraeaa  OeamL  17.8.  Araijr,  I  lair  1*4.1. 

*»  Me  teal  a  ad  Saaltary  Data  aa  tkr  Ba*akllc  at  PaaaaM  a  ad  Ike  Paaaaaa  I'aaal  |w.  CMa*Urd 
fcf  IMleal  lalHIlpan  Branch,  Prereatlve  Medina#  Mvlatee,  OMn  '<  The  Sdrfewu  0« acral.  U.B.  Ana/. 
2*  Mar.  IMS. 
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principal  vector  with  A.  puneti macula  in  second  place.  Six  other  species  am 
]>erlia|)s  involved. 

(‘lark  and  Komp i!  have  shown  (lint  in  ceilnin  villages  of  Piinniiin,  over 
n  10-year  jieriml,  no  season  ill  vurintioii  in  tnnlnriii  occurred  which  could  he 
correlated  with  seasonal  rainfall. 

Pimm  Canal  Zone.— The  chief  hcnlili  officer,  1*11111111111  Canal  Zone,  is 
selected  from  the  Army  Medical  Corps  and  serves  for  a  |M‘riod  of  1  to  .1  years.*’ 
His  assistant  is  a  civilian,  who  Inis  direct  charge  of  sanitation  and  malaria 
control.  Field  sanitation  work  o|ien«tes  by  the  Northern,  Pedro  Miguel, 
Panama  Suburban,  and  Aiieon-Hnlboa  districts.  For  malaria  control  work  in 
llie  Zone,  certain  geographic  ureas  are  allotted  to  the  Mpdirnl  l>e|Minineiit  of 
the  Panama  Canal.  This  is  by  niiitinil  agreement  between  the  chief  health 
officer  of  tlie  Paiiniiia  Canal  mid  the  surgeon  of  I  lie  Paiiiima  Canal  Department 
of  tlie  Army. 

Antimosquito  work  had  lieeu  diligently  carri  si  out  for  ninny  years,  but 
up  to  1!U3  no  effective  metliod  had  lieeu  found  to  prevent  niioplieliiie  breeding 
in  Gatun  Iaike  or  outlying  jungle  streams,  |mm»Is,  or  swnni]is.  Neither  ishi Id 
tlie  flight  of  these  mosquitoes  into  sanitated  areas  at  certain  seasons  be  pre¬ 
vented.  Malaria  was  tlie  chief  cause  of  illness  in  tlie  Canal  Zone,  tlioiigli  deaths 
were  rare. 

Precipitation  in  tlie  Canal  Zone  tends  to  lie  considerably  greater  on  tlie 
Atlantic  side  than  on  tlie  Pacific  coast.  Average  temperatures  and  relative 
humidity  are  not  significantly  different.  The  data  in  table  11>  are  instructive. 
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The  principal  dry  season  starts  in  Januaty  and  ends  in  April.  During 
this  period,  mosquito  breeding  reaches  a  low  Mk  The  wet  season  begins  in 
May  and  with  some  fluctuations  lasts  until  December.  The  greatest  mosquito 
(and  malaria)  menace  comes  with  tlie  change  of  seasons.  Thus,  the  highest 
malaria  rates  are  usually  recorded  in  June  or  July,  and  tlie  next  highest  in 


"Clark.  Hwlirt  C.  lit  Ims  WlUlaai  H.  W. :  A  Its— it  af  Tn  Inn  ef  DUhtiIImm  m 
Malaria  la  Pimm  wltk  Mtmn  la  Caatroi  wltk  Qalalae,  AUMm,  ax  I  Plamaorkla  wllkeal  Aall- 
M»»e»lt«  Hmisw  /»  A  SiMMln  M  Hmm  Malaria  Mltnl  kjr  V  B.  UoallML  Waaklastoa: 
MHatlM  Ha.  19.  Anerleaa  Aaaatialloa  for  Ike  Mraananl  at  Srtearr,  1*41.  pp.  IT3-M. 
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December  or  Jnimnry.  in  l  mill  ruses.  Ibis  is  due  to  flic  iibiindmiee  of  si  ml  low 
water,  i«lenl  for  the  rebreeding  of  niioplielines.  Anophe/r»  ulbimtut "x  bus  long 
been  known  ns  the  prinripnl  vector. 

Tbe  iiiiixiiiiiiin  nimilier  of  triM>]>s  on  duly  in  the  (’mini  Zone  ut  any  time 
prolxibly  <]i<l  not  exceed  ”0,000.  These  became  widely  sniftered  ns  I  be  program 
for  hemisphere  defense  materialized.  At  ninny  iintoimitic  wen|Mins  nnd  anti¬ 
aircraft  stations,  tile  chief  antimalaria  procedure  was  the  administration  of 
suppressive  Atahrine  therapy.  Some  has  of  Atnhrinc  proved  inferior  in 
solubility.  Attempts  were  made  to  safeguard  men  on  night  duty  by  spraying 
their  uniforms  with  pyretbrn:*'  «x*;*,',t  before  a  •-'■hour  detail,  with  inconclusive 
results. 

Colombia. — Very  few  American  tro»l>*  wen-  stationed  in  Colombia. 

Ecu  dor,  1943. — The  Ministry  of  Social  Welfare.  Health,  and  imlmr  in¬ 
cluded  a  public  health  system  of  undesirable  complexity,  which,  for  lack  of 
centralized  authority,  had  not  functioned  efficiently.'1  Tlie  average  longevity 
in  the  country  was  only  32  years.  Malaria  was  one  of  several  diseases  of  military 
importance.  Epidemics  of  plague,  smallpox,  ami  typhus  occurred  annually. 
Nevertheless,  of  62,183  registered  deaths  in  1040,  4,847  were  listed  ns  due  to 
malaria. 

Anopheles  albiumnns  and  .1.  udopn net! pennls  are  tlie  proved  malaria 
vectors,  tlie  first  on  tlie  coast,  tlie  second  in  the  mountain  valleys.  Drainage, 
ditching,  and  oiling  had  been  carried  out  to  some  extent  in  tlie  valleys,  but, 
in  tlie  coastal  nine,  tlie  numerous  swamps  could  only  be  drained  with  great 
difficulty  and  excessive  cost,  and  no  progress  had  been  made. 

It  appears  certain  that  a  large  portion  of  tlie  ]>opulation  suffers  from 
malaria  tlirougliout  tlie  year,  with  inevitable  loss  of  time  and  reduced  capacity 
for  work.  The  general  backwardness  of  many  parts  of  the  country  is  due  at 
least  partly  to  chronic  malaria.  Tlie  greatest  seasonal  peak  coincides  with  the 
termination  of  tlie  rains,  usually  in  May  or  June. 

0>Mnm  Unffi. — There  are  no  anopheline  mosquitoes  on  any  of  the 
ijUmk"  The  only  cnlicine  species  recorded  is  Aedes  (neniorkynchus,  a  poten¬ 
tial  vector  of  yellow  fever  and  dengue.  Military  authorities  took  cognisance, 
however,  of  the  possibility  that  both  human  gametocyte  carriers  and  vector 
■nophelinea  might  be  introduced  in  connection  with  the  transport  of  troops 
and  goods.  This  never  occurred. 

Pm,  1943* — Official  public  health  work  is  controlled  by  the  Public  Health 
Division  of  the  Ministry  of  Public  Health  and  Social  Welfare.1*  The  Division 
has  six  administrative  sections.  Malaria  control  is  a  responsibility  of  the  Sec¬ 
tion  of  "Technical  Services,”  also  of  the  Section  of  "Sanitary  Campaigns.” 

H)Mk«1  a ffitl  Raaltar;  Data  mi  ISwtfcr.  Ptwwl  by  Mr4tral  lNlflllcfiife  Rra’irii.  Prrrmfhrr 
U*4tHnr  nirWoft.  Oflr*  of  IV  HarfMi  tiavral.  t\ffi  Army,  1  Art.  1W1 

m  MwMfl  lad  HiRltarjr  iNita  oa  fbr  OaUpaim  lalamta.  rwpami  by  MHIral  Intel  liram*, 

IMklbr  THrMsa,  0#rr  «t f  TV  fMinretm  tkmrul,  VA.  Army.  M  IVf»t.  HM3. 

*■  IMiral  ami  Kaallary  IVta  <m  I  *fm.  CmpIN  by  N«-dlral  lntrIII#HKr  Bra  aril.  Preventive 
NHIriw  INvMm.  (Hfct  «f  Tlv  Baryta  Otmfal,  tM.  Arm y,  1  Vpt.  1M1 
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The  Kts-kefrlliu-  Foiindntiun  Ims  ridkilxn-iiicd  for  years  with  llie  IVmvinn 
(Jnveiiiiiiciit  in  the  light  ngninst  innhiriii.  Sinn-  Iti-l'J.  the  Institute  of  Intcr- 
Ainerieiin  AtTnirs  litis  Is-cn  n  vitnl  inllncm-c.  Mnlueiii  surveys  were  cnnicd  out 
north  of  Limn,  in  the  4  'himlxitn  nren.  Swnni|ts  wciv  den  red.  anil  te  Imicmiis 
were  f tinned  for innlnrin  control  work. 

The  incidence  of  nmlnriti  is  high  in  most  of  the  country,  hut  |niilienlnrly 
so  in  const td  nrens  mid  deep-cut  valleys  when*  the  chief  vis-tor  is  .1. 
/nnirti(ii'nn!*.  Control  tnensiiivs,  chielly  by  s| inlying,  have  liecn  found  very 
successful  in  certain  valleys. 

Ill  jungle  nrens  rust  of  t lie  Andes  nlong  the  Amazon  Itiver,  .1.  alhiuniHU* 
is  thought  to  lie  the  iiii|Miiiniit  vector.  Aiis-ricini  inilitary  interests,  however, 
were  colitilieil  hugely  to  t  he  const . 

Development  of  Control  in  the  Panama  Canal  Department,  194M5 

As  contrasted  with  Pacific  anil  African  tlieaters,  tlie  1*4 'I  >  hail  seen  malaria 
control  cani|mi)pis  for  ninny  years,  piing  Lick  to  the  work  of  Col.  (later  Maj. 
4 Jen.)  William  C.tiorgas  in  11X4. 

Wlien  tlie  De|mrtment  w  as  officially  estn I  dished,  sim-Ii  activities  came  w  ithin 
the  jurisdiction  of  tlie  Drpart  ineiit  surgemi.  liesides  his  orpin izatinn,  however, 
tlie  re  continued  to  fillK'tiou  tlie  Sanitary  Division  of  die  Office  of  the  Chief 
Health  4  Mirer,  Panama  Canal. 

I  'lit  il  1M4,  tlie  malaria  rate  per  1,IXX>  |>er  anniiir.  among  military  personnel 
in  tlie  1*CI>  continued  to  lie  at  least  twice  tlie  rate  among  employees  of  the 
Panama  ('anal.  This  was  undonltiedly  due  to  the  fact  that  tlie  sohliers  ofierated 
away  from  home  stations  at  least  part  of  every  year.  The  native  reservoir 
of  pmietocyte  carriers  was  always  peat  ami  vector  anophelines  almndant.  The 
problem  was  much  aggravated  in  11441,  wlien  emergency  comlitions  required  the 
troo|iH  to  take  to  tlie  field  during  the  rainy  season.  Quinine  was  used  os  a 
prophylactic  drug  but  with  indifferent  success,  (hily  a  very  poor  re|iellent, 
the  English  Dover’s  cream,  containing  oil  of  citronella,  oil  of  cedar,  ami  lianl 
and  soft  paraffin  was  available,  Pyrrtliruui  in  kerosene,  1  to  dO,  was  the  anti- 
mosquito  s|iny,  which  had  to  be  applied  twice  daily  in  all  buildings.  Protec¬ 
tive  clothing  was  need,  and  bed  nets  were  required  outside  of  sanitated  areas. 
The  system  of  mosquito  control  orderlies  had  already  been  instituted  in  ths 
fall  of  1M0. 

Construction  work,  which  increased  in  1W1,  often  lilocked  ditches  snd 
otherwise  created  new  mosquito-breeding  arras.  Col.  Wesley  C.  Cox,  MC, 
Surgeon,  Panama  Canal  Department,  stated:  ‘•The  Field  Sanitary  Force  oiled 
all  impounded  water,  but  areas  of  new  danger  were  created  almost  faster  than 
tliey  conlil  he  oiled." 

”  raVaa  shnwW  MVnKnL  all  <ia<a  la  Iha  maalalH*  mtIIos  «a  ihr  I'aaaaw  Caaal  Ik-rartawnt 
arc  fcaa»4  os  Iha  Aaaaal  Kryrt,.  la  pa  nasal  Hary.ua,  I’aaaau  Caaal  Ilf  rtanl.  IS4I  41,  all  Ika 
IWmpIhmI  lllxhtrjr  t*f  I*v»v«*n4l«>  MrtiMiw  In  WwrM  War  II.  I  January  IMh  fas  I  iMiiIxt  IM%.  The 
Kiuna  ihMl  IkfurlwHif.  trtil.  II.  MfrUI  rtf  r<.  | 
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Tents  had  to  lie  used,  even  ut  iH*niiiiiient  stations,  to  liouse  newly  arrived 
truo|M>.  It  wus  iinietienlly  iui|iossil)le  to  tnosquitopronf  a  |iyrai>iida1  lent. 
Kven  buildings  were  dillicult  to  keep  mosquituproof.  One  regiment's  quarters 
bad  to  lie  completely  double  (loons I  to  accomplished  this. 

All  newly  arrived  units  were  jriveu  nut  iniiila  via  instruction,  but  few  took 
this  seriously  until  taught  bv  ex|ierieitec.  For  example,  during  combat  train- 
ini',  tile  men  rolled  up  their  sleeves,  opened  their  collars  at  night,  and  dis|**nsed 
with  bead  nets  in  order  to  see  better.  At  antiaircraft  positions,  troops  were 
observed  sleeping  beside  their  gnus  mid  other  equipment,  rolled  up  in  their 
niuequito  liars. 

On  the  Atlantic  side,  uuihtrin  incidence  increased  us  a  result  »f  a  coral  sand 
hydraulic,  (ill,  which  prevented  the  title  water  fmiu  entering  the  imuigmve 
swamjis.  The  iiiiiiignivea  were  killed  hy  t Ike  heavy  deposit  of  sand,  nml  this 
removed  the  shade.  Thus  an  area  which  had  previously  supported  only  .1. 
aqutmnlit  became  ideal  far  .1.  albimamm ,  tlie  more  ilii|>ortniit  vector. 

Many  of  these  activities  went  on  in  close  proximity  to  localities  where  the 
native  population  was  100  |>crceiit  infected.  Much  malaria  was  also  brought 
in  by  tlie  thousands  of  civilian  laborers,  imported  from  die  West  Indies  mid 
from  other  Central  and  South  American  Republics. 

The  tide  was  turned  in  1943  by  tlie  advent  of  the  new  re{>elleut8,  the  Freon- 
Aerosol  bomb,  and  by  Atabrine  in  sufficient  quantities  for  issue  to  troops.  Most 
important,  of  course,  was  an  intensified  educational  eunqiaigii,  including  tlie 
use  of  1  sisters  and  projection  slides  to  acquaint  every  soldier  and  civilian  with 
tlie  seriousness  of  the  fight  against  “Ann”  or  “Miss  Anopheles.” 

It  is  of  interest  to  note  that  the  term  “malaria  discipline”  was  devised  and 
first  used  in  tlie  PCD  in  1°  11.  The  term  caught  on  ami  was  adopted  bv  unit 
commanders  everywhere. 

Preble, —  (f  1911. — Since  the  inception  of  tlie  ilefense  period  in  1939, 
ever-increasing  number  of  troops  belonging  to  the  Panama  Coast  Artillery 
Command,  tlie  Panama  Mobile  Force,  and  the  Air  Corja*  were  so  stationed  as 
to  be  living  under  field  conditions,  away  from  established  posts  or  sanitated 
areas.  The  rates  for  malaria  in  1940  and  1941  reflect  this  added  risk  as  shown 
in  table  20. 

Tail!  20. — Malaria  rale*  far  primary  «mt  mmrrral  com  amamy  V.S.  Army  pt rwamaei, 
Panama  Canal  lltparlmeml,  tMfr-41 
IfcSwswH  ■maUtSum  si—  s»  laamf  aw  natal 

ih«ms  !  mu  !  me  ;  m» 

!  !  ' 

Primary  malaria  only .  . ;  40. 7  48. 7  20.7 

Primarv  and  recurrent  malaria  _  J  51.  R  Mi.  H  21.4 

i 


Rates  by  year,  however,  give  but  a  poor  understanding  of  tlie  seasonal 
problems  involved.  Thus,  for  1941,  rains  ill  May  resulted  in  a  considerable 
mnr-u  — u 
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Tahix  21. —  Malaria  rates  Jor  primary  anti  recurrent  canes  among  U.8.  Army  personnel, 
I’anama  Canal  Lh  pnrlmen '  by  month,  1!t/tt 

( Kate  as  number  of  m***  i*-r  annum  |**r  1 .000  iivir.ice  strciift  h] 


Month 

Trimary  m.ilurU 

Kmimnl 

_  ! 

j 

malaria 

January.. . . 

;»7.  :t 

I't  4 

February  _ 

f.».  7  | 

12.  II 

March . 

...  ....... 

2.1  •-> 

ii.  :> 

April.  . 

_ ...  .  . 

•JK,  (1 

8.  7 

May . 

22.  7 

11.  7 

June _ 

......  ...  . 

.HI.  1 

7.  8 

July . 

...  . 

40.  <1 

1%  a 

Au^UMt _ 

...  .  _ _  -j 

o  1 

12.  (1 

September 

.  .  -  .  ...  .  _  ' 

nr.«.  7  j 

IS.  (1 

October . 

....  .  _ _  _.  .  _  i 

4:».  .i  | 

12.  5 

November  . . 

:I7.  4 

10.2 

December.. 

-  -  ... 

27.2, 

10.  7 

increase  in  the  primary  malaria  rate  for  Julie,  while  similar  precipitation  ill 
August  caused  a  high  (leak  in  Se|>teiiiber  (table  21). 

It  is  of  interest  to  note  that  it  is  llie  primary  rate  which  fluctuates 
significantly  in  res|Kinse  to  vector  activity.  TIh*  recurrent  .-me,  iis  is  clearly 
seen,  shows  no  consistent  seasonal  Duct  tuition. 

The  great  height  of  the  peak  thn*  occurred  in  September  1941  was  due 
to  a  lapse  of  malaria  discipline  among  units  more  or  less  new  to  the  D*-i**rt  ment. 
Ill  units  whew  nutiiuosquito  and  antimalaria  discipline  were  kept  up.  no  such 
rise  occurred.  All  troops  not  living  in  barracks  received  quinine  prophylaxis. 
A  totnl  of  live  deaths  from  malaria  are  recorded  for  1941. 

Tlie  following  preventive  measures  involved  all  available  procedures  I  ait 
were  incomplete  in  some  respects:  Housing  in  screened  Imrracks,  wherever 
possible;  use  of  mosquito  nets  or  liars  by  all  personnel  not  housed  in  screened 
barracks;  use  of  head  nets,  gloves,  and  leggings  whenever  use  of  Mine  would 
not  interfere  with  the  military  duties  to  be  performed;  use  of  prophylactic 
quinine;  antimosquito  measures  at  all  military  installations  and  in  an  ever- 
widening  circle  around  these  installations  (not  planned  in  relation  to  flight 
range  of  vector) ;  use  of  mosquito  repellents,  antimoequito  sprays,  oiling  of 
standing  water,  and  use  of  other  tarvicides. 

Military  personnel  continued  to  be  exposed  to  new  infertkin  in  at  least 
three  ways:  (l)  Through  duty  at  field  positions,  emergency  airfields,  and 
temporaiy  cam  (is;  (2)  through  association  with  many  chronic  malaria  carriers 
aiming  llie  civilian  population,  and  in  the  presence  of  anoplieline  vectors:  and 
(3)  through  visits  to  native  villages  and  establishment  of  temporary  or  common 
law  relations  with  native  women. 

ProMoms  if  1942. — In  January,  a  number  of  military  units  arrived  in 
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the  1’CI)  mill  wore  assigned  to  combat  |M>sitioiis  in  i lie  interim*  of  Panama. 
These  were  indoctrinated  in  innlni'iil  control.  but  I  lie  low  iniilm-iii  ruins  of  the 
first.  ;l  months  «m  <ltH‘  iiioiv  to  tin*  dry  season  tlism  to  ninliiriii  discipline. 
The  nite  for  primary  imilurin  dropped  from  50.3  per  1,001  |>**r  niiiiioii  to  gs.l 
between  January  mid  April,  which  doubtless  contributed  lo  n  false  sense  of 
security.  The  renl  sit  lint  ion  was  demonstrated  by  innneiivers  held  during  the 
first  2  weeks  of  April.  Hiiins,  which  had  la-gun  in  March,  conlinued  during 
the  niiiiieiiver  |>eri<Ml.  Many  men  contracted  infection  daring  these  activities 
and  during  the  weeks  which  followed.  All  troojis  were  living  under  ticinnl 
combat  conditions  during  May  and  June;  as  a  result,  the  primary  malaria  rate 
for  the  Department  rose  to  233  |**r  l,OtM  ]>er  annnni  and  the  recurrent  tale  to 
25,  giving  a  combined  rate  of  258.  This  declined  gradually  during  the  next 
several  months  reaching  90.4  by  Xovemlier. 

Use  of  Hiitimnsqnito  cream,  spraying  of  barracks  with  Pyrocide-20,  and 
quinine  prophylaxis  for  at!  men  not  quartered  in  iiiosquitoproof  Imrmcks  con¬ 
stituted  tltc  control  program  for  tlie  period  cited.  This  was  manifestly 
insufficient. 

An  even  more  striking  demonstration  was  furnished  l>y  tlie  ex|iericiice 
of  a  combat  team  of  4,000  which  trained  night  and  day  under  field  comlil  ions 
for  almost  tlie  entire  month  of  December.  Tlie  primary  nnilnrin  rate  in  this 
organization  rose  to  274.9.  Even  tlie  Panama  Mobile  Force  (of  which  tlie 
Combat  Team  was  a  pan  )  had  a  rate  of  only  126.5  for  tlie  same  period,  while 
for  the  remainder  of  the  Department  the  primary  rate  was  only  32.1. 

For  tlie  PCD  as  a  whole,  tlie  rates  for  tins  year  1942  were:  Primary 
malaria,  87.1;  recurrent  malaria,  24.6;  total,  111.7. 

During  the  first  part  of  1942,  the  majority  of  tlie  troops  in  the  field  were 
under  tentage.  While  barracks,  hutments,  meeslialls,  kitchens,  and  recreation 
halls  were  being  constructed,  tents  were  screened  whenever  possilde.  Galva¬ 
nised  screening  rusted  out  very  rapidly  here,  as  in  all  humid  tropical  sit nat ions. 

At  several  coast  artillery  positions,  both  barracks  and  hutments  were 
provided.  There  was  regular  inspection,  not  only  of  the  screening  but  also 
of  the  Mirra,  doors,  roofs,  and  walk.  Minor  repairs,  to  stop  all  holes  where 
■naguitoM  might  gain  ingress,  were  carried  out  at  once.  A  caulking  compound, 
made  of  shredded  paper,  flour  paste,  sand,  and  cement,  was  found  quite  satis¬ 
factory  for  closing  openings  in  care*  and  cracks  in  sidewalls  and  pro  ml  very 
durable.  Salvage  screening  was  used  for  larger  apertures. 

The  provision  of  screened  recreation  rooms  proved  of  great  importance, 
especially  in  field  positions.  The  men  could  thus  be  protected  during  the 
evening  hours,  when  the  anopheline  mosquitoes  were  most  likely  to  feed.  The 
earns  rooms  served  for  instruction  and  study.  All  kitchens  and  messhnlls  in 
field  positions  were  also  moequitoproof.  During  this  |Mrticular  period,  tlie 
newer  rnoequito  repellents  were  not  yet  available  to  the  Department  “Stay- 
awav”  had  been  found  effective  but  had  been  discontinued  because  of  its  toxicity 
to  man. 


17* 


l  ’« »XI  XirXH’AIM.K  1  ifSKASKS 


For  most  of  1942,  I  lie  i-iintrasl  Itrlnivii  |K‘i'limlii‘iil  posts  (sntiilnteil  amis) 
ami  out  (Mists  (intsiniiiuied  amis)  whs  very  grenl.  Tin*  following  rules  (luble 
22)  |M*r  1,000  jut  . . mi  an*  for  (iriiniiry  multi riti  only. 


Tahi.k  22.  —Malaria  rati*  fur  fir  i  mar  if  ran*  nnli,,  in  I'.S.  Army  /m*nnail,  in  f*rninnr*t 
i*ani lot nl\  im*t*  anil  nut/m*!*  f II linn  n  itntril)  arm*,  Panama  Canal  hifrlrl  mill/ , 
January  Xarrnibrr  tit'iJ 

[ Kiilc  iiiircMnl  us  iiiiinlur  nloath**  |n*r  oniniiii  |u*r  MNNI  |»*r  iivcriffi'  *ln*inHh] 


Month 

S.iiiitiifnl  ,in*ii 

rtl«iltlU:iti,t| 

i»r»*si 

January  . 

12.  0 

:i2.  4 

February 

1!).  2 

» 

Marrli _ 

II.  4 

57.  K 

April  .  ..  .. 

_  ... 

. 

5.  :< 

40.  7 

Mar..  _ 

20.  » 

100.  2 

JlllM*. 

. . . 

51.  i) 

1 7!l.  4 

July _ 

. 

4:t.  5 

1X12 

Augtua 

:m.  4 

1W.  I  S 

SeptcmtxT 

22.  7 

55.  5 

October _ 

15.  K 

:«).  :t 

Novemljcr .  _ 

-  . 

...  7 

:tu  4 

Again,  if  the  rates  are  analyzed  according  to  organizations  with  con¬ 
trasting  types  of  duty,  the  same  facta  are  brought  out.  For  example,  the 
month  of  November  allowed  a  primary  malaria  rati*  of  59.11  (>er  l,ono  |>er 
annum  for  the  entire  Panama  Canal  Department.  However,  the  Panama 
Mobile  Force,  which  carried  out  such  duties  as  road  and  beach  patrol  ami 
en-aged  in  intensive  unit  training,  had  a  rate  of  116.5,  while  all  other  units 
enjoyed  the  relatively*  low  rate  of  34.2. 

Several  additional  factors  also  contributed  to  the  high  malaris  rate  in 
1942,  which  by  June  had  reached  258  (primary  and  recurrent)  per  1,000 
strength  per  annum. 

It  waa  sometimes  dificult  or  impossible  to  carry  out  effective  mosquito 
control  procedures  during  the  course  of  construction,  which,  in  itself  frequently 
created  new  mosquito  breeding  areas,  or,  mar  construction  work  might 
actually  block  existing  antimosquito  drainage,  which  happened,  for  example, 
at  the  Majawar  Hirer  and  the  Bio  Chilibrillo. 

Again,  whereas  the  Army  was  successful  in  sanitating  an  ever-widening 
circle  around  each  military  poet,  camp,  or  station  in  tin*  Canal  Zone,  existing 
treaty  arrangements  with  the  Republic  of  Panama  did  not  make  it  feasible 
for  the  Army  to  carry  out  antilarval  measures  in  unleased  extracantonment 
areas  in  the  Republic. 

For  these  and  other  reasons,  more  tlian  usual  reliance  had  to  be  placed 
on  drug  prophylaxis,  bed  nets,  repellents,  protective  clothing,  and  avoidance 
of  civil  coanmunities  at  night.  Enforcement  was  hardly  aikquate. 
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The  following;  rccoiimictiihi  lions  were  suggested  in  the  Russcll-lloyd 
re|>ort : 's 

1.  That  n  iiiedicnl  ollicer,  ex|<erii‘iircd  nml  snitnblv  trnined  in  inilit:iry 
nml min  control  met IkhIs,  lie  iiiihIc  miilnriologisi  in  the  l’(’l),  to  orgnm/.i*.  <•<>- 
onliimte,  nml  Mi|KTi'im*  milit n i*v  iinihirin  survey  :m«l  control  work  in  the 
l>e|iiirtnient.  (Possibly  this  ollicer  eonlil  serve  concurrently  ns  mnlnrinlogist 
to  the  Citrihlieini  Defense  ('onininiid.  Such  nil  orpin i/.nt ion  lnid  U-en  sug¬ 
gested  on  24  Oelolier  1942.  in  ii  letter  from  The  Surgeon  (ieneml  to  the 
(’oinninmlii'g  (Jeneml.  C'nrihbeini  Defense*  Column  ml.) 

2.  TLit  mi  entomologist  nml  it  snnitnrv  engineer  tmiiM*d  in  mnlnriology  bo 
unsigned  to  this  niitiuiiilnrin  orpiniziition.  These  in tjjrlit  lie  snitnble  oflieors 
nlrendy  serving  in  the  It'D.  or.  if  required.  s|x*oinlly  t  mi  tied  men  nvnilnhle 
through  the  Office  of  The  Surgeon  ( ieneml. 

:t.  Tlmt,  where  not  now  in  use,  s|M>citie  nml  deluded  |>lnns  mid  s|mt.  nni|is 
for  nudnriii  control  in  eneli  stntiou  in  the  PCI)  U*  prepared,  with  responsi¬ 
bilities  mid  routine  prneedures  elenrly  ildinnl. 

4.  That  the  question  lie  studied  iis  to  how  to  obtain  nelive  help  from  the 
ltepuhlic  of  Pnunnin  Ilenlth  Depnrtment  in  tlenling  with  extmcnntonment 
malaria,  uiinlopius  to  that  already  living  given  by  the  (‘anal  Zone  Health 
Department  in  extrncautomneut  areas. 

5.  That  every  effort  be  made  to  nmintnin  tire  current  high  efficiency  of 
nKMqnito|irootiiig  in  all  military  stations  of  tlie  It'D,  that  steps  be  taken  to 
pmvhle  n  more  adequate  supply  of  uoncorrneive  wire  screen  cloth  of  not  lees 
than  16  inesli,  and  that  all  construction  be  in  nnurd  with  tlie  principles  of 
modern  moaquitoproofing. 

«.  Tliat,  if  possible,  no  more  mosquito  liars  or  bed  nets,  made  of  “I Hitter- 
clot  h,”1  ‘loliacco  cloth,”  “cheesecloth,”  or  other  material  impermeable  to  air 
circulation,  he  issued  for  use  in  such  tropical  areas  as  the  PCI). 

7.  That  ample  quantities  of  Quartermaster  issue  mosquito  repellent  lotions 
(Indakute,  replaced  by  Rutgers  612  as  soon  as  available)  be  requisitioned  for 
liberal  use  by  troops  in  the  PCD. 

8.  That  much  greater  use  be  made  of  pyrethnun  sprays  to  kill  adult 
mosquitoes,  especially  in  the  early  morning  and  evening*  hours,  that  ample 
■applies  of  the  new  Freon-pyrathrum  insecticide  dispenser  be  obtained,  that 
the  practice  of  issuing  insecticide  sprays  only  “within  limit  of  funds  avail¬ 
able”  be  discontinued,  that  antimalaria  supplies  of  all  kinds,  including  pans 
green,  oil,  pyrethrum  insecticides  and  repellents,  he  issued  on  an  “as  required” 
basis  in  such  a  malarious  area  as  the  PCD. 

9.  That  measures  for  anoplieline  mosquito  control  on  all  new  projects 
be  carried  forward  concurrently  with  construction  and  with  the  same  priority, 
and  that  care  be  taken  in  new  construction  not  to  increase  the  malaria  problem 
by  blocking  drainage  or  by  creating  new  breeding  places. 


■  Itfwrt,  I*.  Mart  F.  Hap«l  awl  Id.  4*vl.  Paul  F.  Kaaaril.  114*.  tw  Tl*  lurif  ft  Slav. 
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10.  Tlmt  in  order  to  reduce  the  I  urge  iminbers  of  nmlnriul  infections  now 
being  acquired  in  towns  and  villages  where  the  disease  is  |irevnleiit  by  soldiers 
on  puss  (luring  the  usuul  leave  hours  from  1300  to  th'iiN),  the  |K>ssil>ility  lie 
considered  of  clitingiiig  leave  hours  in  some  stations  so  that  they  would  come 
between  ttSOO  and  180U. 

11.  That  propliy Indie,  or  in  other  words,  suppressive  treatment  of 
malnria  be  reduced  wiiliin  the  l’Cl)  to  the  greatest  extent  eoinpntible  with 
local  conditions,  and  that  it  be  adininistered  on  a  s|ieeilic  rather  than  general 
basis,  that  is  to  say,  npplicd  only  to  those  positions  when*  tlie  nt*ed  for  this 
emergency  treatment  can  lie  demonstrated. 

12.  Tlitit  the  |  hiss!  hi  lily  be  considered  of  treatini*nt  with  Atabrine,  by 
Army  inedicnl  ollieers,  of  all  lnUnvrs  on  Army  |irojrcls  wlio  im*  quarieml 
at  night  within  dust*  proximity  to  Army  |msiiions  in  the  l’Cl). 

Ill  regard  to  No.  4  iiImivc,  n  plnii  was  iillinmtely  evolved  by  which  tile 
Coordinator  of  Inter-  Amerh-iin  A  Hairs  would  tippropriule  u  stun  of  money, 
to  la*  matched  in  part  by  funds  appropriated  by  the  government  of  I’nnaimi, 
for  the  pur|iose  of  carrying  out  a  malaria  control  program  ill  the  Kepnlilic. 

Successful  conquest  of  malaria,  19W-45.— - During  1043.  an  excellent 
standard  for  malaria  discipline  was  inn ii it niued  in  the  I’nnaniii  ('mini  IVptili- 
ment.  Each  barracks  nr  hutment  wus  served  by  a  malaria  control  orderly 
whose  duty  it  was  to  spray  the  building  twice  dnilv,  lietween  OfiOO  and  Ditto 
and  lietween  184NI  mid  1000,  using  a  Freon-Aerosol  dis|ieiiser.  These  orderlies 
also  eliminated  casual  water  in  ruts,  tire  tracks  nr  depressions,  cleaned  mid 
maintained  eaves  drains  and  other  drains  or  ditches  near  the  barracks,  and 
every  7  days  oiled  all  casual  water  near  tlie  barracks  that  could  not  otherwise 
be  eliminated.  They  performed  imqiections  of  doors,  screens,  and  walls  of 
barracks,  making  minor  repairs  on  the  spot,  and  re|Mirted  major  defects  for 
action  on  the  part  of  tlie  unit  commander. 

(tarnishing  of  salvaged  canvas  was  used  on  inner  surfaces  of  doors  and 
along  doorjambs  at  held  positions.  Improvised  caulking  material  composed 
of  shredded  paper,  flour  paste,  sand,  ami  cement  isnitiimed  to  lie  useful, 
especially  in  sealing  cracks  at  tlie  eaves  w  lie  re  corrugated  rooting  was  used. 

Hie  general  success  of  these  efforts  is  registered  in  tlie  malaria  rale  (table 

S3). 

The  peak  figure  for  primary  malaria,  reached  in  Jane  1043,  is  trivial  as 
compared  with  the  previous  year,  and  (he  small  seasonal  peak  indicated  for 
October  is  inconsequential.  In  general,  it  may  be  mid  that  there  was  a  steady 
decline  of  malaria  throughout  the  year,  as  educational  and  enforcement 
measures  became  more  and  mote  effective. 

Head  nets,  gloves,  and  leggings  were  prescribed  for  all  guards  and  sentries 
on  night  duty.  Between  the  hours  of  1800  and  0030,  antimosquito  lotion  was 
prescribed  for  all  individuals  visiting  or  passing  through  unsanitated  areas. 
Mosquito  bars  were  required  in  all  table  of  organization  type  harracks  even 
though  there  were  screens.  Kitchens,  messhalls,  and  recreation  balls  were 
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sprayed  ( tv  ice  <luily.  ut  the  same  hours  ns  the  I  >11  cracks.  Motion  picture  theaters 
wore  sprayed  l«etweeu  tHilM*  and  u?<N*  and  again  Ik- fore,  the  start  of  the  Jii-st 
performance. 


Tablk  2:i. — Malaria  rater  of  primary  an/I  rrriirrent  rant <1  oniony  I'.S.  Army  personnel,  1‘minma 
Canal  Department,  hy  month, 


(Hah*  ct|imwt(  K*  mini  tar  of  on*'*  |gr  annum  per  l.(W»  avrruuo  <tivnpth} 


Month 

j 

|  l'rlmary  niuluriu 

1 

Keoirp’Hl 

thuluffci 

Total  malaria 

Jitmuirv _ 

_ _ _  <1.1 

4 

win 

94. 

3 

February .  . 

33. 

it 

2(1.  1 

00. 

0 

Murcli .  . 

.  it*. 

7 

211.  8 

49. 

5 

April . . . . 

.  22. 

2 

2*/  f) 

45. 

1 

May . . .  . 

. . .  24. 

8 

2*J.  II 

47. 

1 

June .  .  _ 

31. 

4 

in.  1 

17. 

"> 

Julv  . .  .  .. 

_  ....  If). 

7 

14.  7 

34. 

4 

Adjust _  .  . 

.  HI 

2 

12.  4 

28. 

0 

Scplcmlx-r.  - . . 

.  13. 

< 

It.  8 

25. 

r> 

October -  .  . . 

.  Ill 

« 

11.8 

29 

8 

November . .  .  . . 

.  . .  -|  15. 

4 

11.3 

24 

7 

DeccmlK-r. . 

. j  11 

5 

7.8 

24 

3 

I 


Primary  malaria  ill  unsunituted  areas,  however,  continued  to  show  a  rate 
more  than  twice  as  high  as  in  sanitated  ureas.  Recurrent  malaria  was  always 
present,  due  chiefly  to  turnover  in  personnel.  C'lironic  relapses  occurred 
among  Puerto  Rican  troops,  llten  replacing  continental  units  in  tlie  Panama 
Canal  Department. 

The  conquest  continued  with  increasing  success  through  1144  (table  24). 


Tax.<  24. — Malaria  rate *  of  primary  mail  rrryrrtnl  carer  among  V.H.  Army  permrmmrl,  I'anama 
Canal  Department,  hy  month,  1941 
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Tlie  inevitable  seasonal  fluctuation*  hiv  still  present,  lint  the  improvement 
over  the  previous  year  is  evident  at  nglnnce. 

One  new,  routine  procedure  adopted  in  1044  was  tlie  spraying  of  screens 
iti  nusanitated  areas  with  residual  DDT.  Also,  water  that  could  not  lie 
eliminated  by  filling  or  ditching;  was  treated  with  a  5  jiercein  solution  of 
DDT  in  a  4  to  1  mixture  of  diesel  oil  and  grade  “c"  fuel  oil. 

Malaria  discipline  was  curried  to  greater  efficiency  than  in  104-t.  The 
combiner!  rate  for  primary  and  recurrent  malaria  for  the  year  11*4 4  was  re¬ 
ported  as  14.5. 

In  1045,  the  malaria  rate  fell  still  lower.  The  rule  |ier  thousand  per 
annum  for  primary  malaria  liecmne  5.8,  for  recurrent  malaria.  5.4.  The  total 
rate,  11.2.  was  tlie  lowest  yet  attained  in  the  PCI),  and  it  was  the  tirsi  time, 
since,  the  PCD  was  established,  that  the  rale  among  tmo|is  was  lower  than 
the  rate  fertile  Panama  (’anal  (table  25). 


Tabi.k  as.  —  \f ‘liar in  rain  nf  primary  nnH  rtrurrml  nun  amimy  I  ’..S'.  Army  prnamiirl,  Panama 
Canal  Orparlmrnt,  hy  month. 
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It  will  be  seen  that  seasonal  peaks,  though  real,  are  without  arresting 
significance. 

Control  measures  remained  much  the  same  in  nature  as  before.  Filed 
reports  refer  to  spraying  all  screens  and  screen  doors  as  well  as  the  interiors 
of  occupied  buildings,  with  monthly  applications  of  5  percent  DDT  in  diesel  orL 
Freon- Aeroeol  dispensers  were  reserved  for  use  in  the  destruction  of  adult 
mosquitoes. 

At  this  time,  responsibility  was  efficiently  vested  in  three  levels  of  su- 
tliority.  Each  organisation  looked  out  for  maintenance  of  buildings  and  drain¬ 
age  control  in  its  own  area.  In  all  areas  not  maintained  by  organisations,  the 
post  engineers,  working  in  cooperation  with  the  Medical  Department  Field 


HOITH  ATLANTIC  AND  CARIBIIKAN  ARK  AS 


li« 


Sanitary  Force,  constructed  mid  maintained  liiiiliirin  control  installation*.  The 
long-range  ( 10-year)  program  was  the  res|HHisihility  of  the  ]>e|Niiiiiieiit  cngi- 
neer.  Malaria  control  continued  to  be  n  •’coiiiiiiiiikI  ivs)H>nsibility.” 

The  fact  that  the  December  rate  tojis  that  of  May  mid  dune  deserves 
special  explanation.  Malaria  discipline  is  easiest  to  iiinintaiii  when  privileges 
are  few.  Thus,  in  the  PCI),  mi  except ionidly  high  stnndim)  prevailed  during 
the  first  10  nionthsof  IMS;  however,  as  tlie  rotes  for  la  it  1 1  primary  mid  recurrent 
nialarin  reninined  low  or  went  lower,  it  liermne  incrensingly  difficult  to  enforce 
malaria  discipline.  The  constant  example  of  stricken  comrades  was  larking, 
and  the  men  began  to  feel  that  the  danger  hail  lieen  exaggerated.  When  no 
malaria  occurred  in  an  organization  for  several  consecutive  months  some  re¬ 
laxation  of  discipline  was  sure  to  follow.  A  real  slump  came  during  the  Inst 
3  months  of  l'.tl.Y,  alien  overnight  and  weekend  passes  were  again  instituted. 
Added  to  the  usual  increase  of  anophelines  at  tlie  end  of  the  dry  senaoli,  this 
resulted  naturally  in  an  increase  of  primary  malaria  fur  Drmulier  1143. 

A  renewed  emphasis  on  the  instructional  ]irogram  followeil.  All  men 
going  on  |wse  were  instructed  to  use  tlie  itwned  repellents.  It  is  greatly  to  tlie 
credit  of  both  medical  and  line  officers,  commissioned  and  noncommissioned, 
that  a  “high  sense  of  moral  responsibility"  was  maintained.  One  refiort  con¬ 
tains  the  comment:  “Men  free  for  tlie  night  wamler  far  ntield  and  wlien  in 
certain  environments  erase  to  consider  tlie  dangers  of  malaria." 

Recapitulation  and  cessment. — Kather  complete  statistics  are  available 
for  the  Panama  Canal  Department  regarding  malaria  cases  over  a  period  of 
years.  Table  96  include*  both  primary  and  recurrent  malaria  among  military 
personnel  and  represents  the  number  of  cases  per  annum  per  thousand  average 
strength  admitted  to  medical  treatment  facilities. 


T.ISUC  26,—Attmrk  mhtfmr  mmlmrim  mf  f'.S.  Army  ptrtmnmti,  hmmmi an  Cmnml  Drpmrtm* at, 
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The  relatively  low  rate  for  IMP  rimws  the  effect  of  e  consistent  effort  at 
control  over  a  4-year  period,  under  rather  stabilised  conditions  insofar  as  troop 
movements  were  concerned.  The  expansion  of  activities  during  the  next  3-year 
period,  involviag  sa  it  did  the  establishment  of  small  outposts,  emergency  sir- 
lelda,  and  trie  like,  away  from  sanitated  baste,  found  reflection  in  the  rather 
alarming  increase  in  IMS,  when  the  rate  was  more  than  doable  that  of  the 
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previous  year.  Another  factor  was  the  influx  of  new  troops  who  had  no 
experience  in  dealing  with  mala  rin. 

During  the  next  3  years,  a  full-scale  control  program  was  in  o|iemtion, 
in  which  nil  available  methods  were  employed.  The  results  speak  for  them¬ 
selves.  Part  of  llie  decline  in  rate  was  of  course  due  to  the  gradual  abandon¬ 
ment  of  many  minor  outposts.  On  the  other  lmnd,  the  control  program  was 
sometimes  haudicup]>ed  by  delays  in  delivery  of  insecticides  mid  re[ie)leuts 
because  the  Quartermaster  was  under  obligation  to  meet  the  greater  demands, 
in  tins  fur  Pacific  and  elsewhere,  which  had  first  priority. 

It  is  of  interest,  to  note  that,  during  the  latter  half  of  1!>4*2,  the  malaria  rate 
for  Panama  Division  employees  of  the  Engineer  Service,  Caribbean  Defense 
Command,  was  only  52.52 : “  undesirably  high,  of  court?’.’,  hut  less  than  half  the 
rate  for  PCD  military  jiersonnel.60  The  wide  dispersal  of  the  latter  as  com- 
]  mi  red  with  the  relatively  fixed  location  of  tlie  Inlior  csni|>s  was  presumably 
a  factor. 

The  story  of  nuilnria  ill  tlie  It'D  is  also  reflected  in  statistics  from  Gorgas 
Hospital.  Ancon,  (7..,  over  a  3-year  period.  During  1142,  this  hospital 
handled  4,519  cases  of  mala  rin.  which  represented  13.2  percent  of  its  total  case¬ 
load.  In  1143,  tlie  figure  stood  at  1,843,  or  0.0  ( (Client  of  all  cases  treated.  In 
1144,  tliere  was  a  still  furtlier  reduction  to  l,t>71,  or  4.ti  |»ercent.  Tliese  per- 
centages  re]iresent  actual  diagnosis  of  malaria  hy  blood  smear. 

Special  Unite,  Organizations,  and  Projects 
Field  Sanitary  Forte 

An  important  factor  in  keeping  the  malaria  situation  well  in  hand  was  the 
Medical  Department  Field  Sanitary  Force,  also  called  tlie  Field  Sanitation 
Force.  This  organization,  composed  of  civilian  personnel,  was  especially  eC- 
cient  in  carrying  out  malaria  control  measures  in  and  about  military  areas. 
Such  a  statement  is  all  the  more  significant  when  one  realizes  that  the  total 
strength  of  this  unit  in  1042  consisted  of  3  sanitary  inspectors  and  an  average 
of  307  laborers  (increased  subsequently  to  251 ) . 

The  Field  Sanitary  Force  was  established  in  1039  by  the  Ofke  of  the 
Surgeon,  Panama  Canal  Department,  and  was  made  up  largely  of  men  from 
the  West  Indies,  particularly  from  the  island  of  Martinique. 

Toward  the  end  of  the  war,  Panamanians  came  to  predominate  in  the  labor 
gangs,  with  the  remaining  West  Indians  serving  as  the  backbone  of  the  Force. 

■trtW,  It  OeL  a  1,  bm,  MCI  Chlif  Wien.  fiMM  MtMh.  Mm  Serein.  CkiMmi 
ftfire  CmhhM.  »•  TV  hum  Itaml  I’  M  Anar.  M  In.  IMS.  oahjeet :  MWI  llVtaey  «C  lh« 
Tium  IItUIhl  Mam  Herrin.  riittni  IWm  Cenauari.  IMI-IMi. 

■*111  la  ISS*.  tv  aariarta  death  rat*  hr  ia|lirin  ef  the  Paaeaai  Caail  sad  Piaaau  Sell  read 
»«•  T4S  ere  ISS.SM.  MmMM;  na  aiarh  khVr.  «tl  rrmal  af  aN  raUaim  Mas  UalM  h 
dlwremrlei  a  ad  MHah.  By  ISIS,  adarieetaae  had  Iniyil  la  I.S  ere— at  aad  Ike  death  rata  war 
S  ere  IM.SSS.  la  ISO,  the  aolarta  rale  raa*  la  MI  prereat.  hat  area  aaaa  redared  acata,  aad  Ire 
ISM  ataad  al  lit  peeeeat.  <S|  hat  Braeat  carratt:  Malarta  laetdeaee  la  Xatk  A  antra,  fa 
MabrMear,  edUad  hy  Math  T.  Bred.  FtOadelpMa  s  W.  B.  Saaaden  Oh.  IMS,  vet.  I,  ee-  T4B-TSS. 
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Working  ill  ••loss'  cooperation  with  the  Field  Sanitary  Force  was  .Mnj. 
(later  lit.  Col.)  George  W.  Hamilton,  SnC,  who  made  the  drtiiniige  survey  for 
innlnria  rout  mi  throughout  the  jmsts  and  outlying  metis.  Working  I  sit  li  in 
office  ami  field  was  Cupt.  Kmery  V.  Smith,  MC,  assist  mil  itialiirin  tout  ml  officer 
for  the  Department. 

Ill  1II4C.  the  Field  Sanitary  Force  was  still  engaged  in  eoitlrol  activities  at 
airbases  and  subluises  of  the  Carililienn  Air  ('ommuiid,  though  with  reduced 
personnel. 

Army  School  of  Motor  iology 

Facilities  for  training  specialized  personnel  laid  comic  into  living  at  several 
points  in  response  to  pressing  needs.  ('oo|*einting  in  these  preliminary  enter¬ 
prises  were  tlie  Tennessee  Valley  Authority,  tile  Florida  State  Hoard  of  1  Iealtli, 
the  Koekefeller  Foundation,  mid  the  Pan-American  Highway  Commission. 
Tlie  Army  used  these  various  facilities  for  training  military  personnel,  hut  the 
scattered  location  of  the  training  areas  made  instruction  difficult  and  much  time 
was  lost  in  moving  frtmi  place  to  place.  Tlie  Surgeon  Generars  Oflice  dually 
succeeded  in  unifying  tliese  efforts  through  tlie  establishment,  at  Fort  Clayton, 
CiS.,of  tlie  Army  ScIhioI  of  Malariology. 

Activation  took  ]ilace  mi  2t>  .lanuary  1944.  Original  authorized  strength 
was  10  officers  ami  14  enlisted  men,  lait  this  was  increased  on  1  April  1044  under 
S|iecial  Manning  Table  8-40-PG  to  11  officers  and  49  enlisted  na>n.  Col. 
Charles  (}.  Sornler.  MC.  was  apfaiinted  conuiiniidant. 

Dr.  John  E.  Elmendorf,  Jr_  of  tlie  International  Health  Division,  Kocke¬ 
feller  Foundation,  who  had  served  2  yean  as  director  of  tlie  Florida  school, 
became  assistant  commandant. 

The  mission  of  the  sc  1  tool  was  to  train  officers  ami  units  in  Army  metliods 
of  controlling  malaria  in  endemic  areas.  To  be  eligible  for  training.  Medical 
Corps  officers  were  first  required  to  complete  a  course  in  tropical  medicine. 
Sanitary  Corps  officers  (parasitologists,  entomologists,  and  engineers)  were 
especially  selected  by  The  Surgeon  General.  Enlisted  men  (from  malaria  con¬ 
trol  and  malaria  survey  units)  were  carefully  selected  on  tlie  basis  of  their 
qualifications.  Laboratory  technicians  were  also  trained.  Others  were  trained 
in  groups  of  25  to  SO. 

The  course,  which  wssof  4  weeks'  duration,  was  designed  to  present  actual 
problems  and  practical  exerciws  in  malaria  contra)  (fig.  26).  Night  opera¬ 
tions  srere  included  as  part  of  the  instruction. 

The  staff,  as  constituted  in  July  1044,  consisted  of  ten  commissioned  offi¬ 
cers,  including  a  clinical  malariologist  (Dr.  Elmendorf),  an  entomologist,  and 
a  sanitary  engineer,  each  with  the  rank  of  lieutenant  colonel.  An  entomologist 
and  a  sanitary  engineer,  each  with  tlie  rank  of  major,  were  also  provided  in 
the  table  of  organization.  The  enlisted  personnel  ittclmled  seven  technical 
sergeants  of  whom  three  served  as  instructors  in  entomology  ami  one  in  para¬ 
sitology.  In  the  grade  of  private  there  were  also  three  instructors  in  entomol- 
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o gy  nml  one  in  |mra«ilol<)gy.  Tlte  niilbor  |>er*oiially  attests  t  Iml  these  eight, 
enlisted  instructors,  carried  as  “sanitary  technicians."  did  yeoman  service. 
Mast  of  these  men  had  received  civilian  education  ei|iiivnlem  to  that  usually 
found  in  commissioned  personnel. 

Experimental  work  under  military  auspices 

Pl»t«tU«  (Mkilf. — Consideralde  attention  was  given  to  |>enetrahility 
of  cloth  to  the  bites  of  disease-ca  trying  nmsquit  oes.  Ilyrd  cloth,  as  test  rd  aga  i  net 
A.  ulbimenus  and  Arden  nrf/ypti,  gave  best  results.  If  arm  lets  of  any  |»r- 
ticular  fabric  showed  that  the  latter  |>eraiitled  penetration  either  in  the  dry 
or  wet  condition,  or  when  soaked  with  sweat,  that  fabric  was  discarded.  The 
lasting  quality  of  any  fabric,  under  jungle  conditions  was,  of  course,  considered 
of  major  importance. 

It  was  recommended  that  any  uniform  designed  primarily  for  protection 
against  mosquito  bites  should  be  larger  than  ordinary  and  loose  fitting.  ( Even 
so,  the  discomfort  from  lack  of  ventilation  ran  be  considerable.)  No  mosquito- 
proof  garment  was  intended  to  replace  re|iellents  or  malaria  discipline  in  gen¬ 
eral,  but  rat  lier  to  he  used  in  combination  withthent. 

Experiments  utilixiac  DDT. — <  hi  It)  Nqitendier  lltt.l.  (  olonel  C  ox  was 
sent  ft  pounds  of  Gesarol  (I)DT)  l>y  air  express,  for  trial  use  as  a  larvicide. 
Fifty  pounds  followed  by  ordiuary  shipment.  Crankcase  oil,  also  diesel  oil 
No.  2,  had  been  rreommendeil  as  vehicles  for  application.  This  was  tlie  begin- 
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ii inff  of  ii  serie*  of  licltl  c.\|ieriiiieiiis.  which  led  tiim llv  to  large-scale  (rralnifiit 
of  extensive  mens  by  airplane.  (Vi-tuin  ns|iects  of  these  i‘X|ierimeiils  nnil  lielil 
trials are  summarised  in  |mrngrii|ihr>  which  follow  : 

The  first  significant  stmlies  on  the  eX(ieriineiiliil  ns»*  of  DDT  ns  n  hirvicide 
were  re|M>rte<l  enrlv  in  11)44.  The  following!  |mmts  seemed  especially  iuijMir- 
tnilt : (1)  The  new  insecticide  killed  all  larvae,  I  mill  . I iinphchx  and  f'r t/cjr. 
as  determined  by  examination  24  hours  after  ii|>|iliriilion  (none  of  the  eontnil 
oils  achieved  this) ;  (2)  ii  l-|ieivent  roiiceiitrntion  of  a  |M>mid  |>er  acre) 

was  quite  as  effective  against  tnos(|iiito  Inrviir  as  a  ,V|;ercent  concentration  (‘jo 
of  a  |Mmnd  |ier  acre)  (the  stronger  ciaicent ration  was  detrimental  to  lisli  and 
vegetation,  while  the  l-|>erceiit  concentration  apiieaivd  not  to  lie) :  and  ( :!)  the 
lasting  |mwer  of  the  lurvicidal  inixtniv  is  related  to  the  r  Ini  meter  of  the  diluent 
and  the  method  of  applicut  ion.  Tims,  a  viscons  oil  inixt  are.  dist  rihnted  through 
marginal  vegetation  with  n  tiHip  had  a  nictre  enduring  effect  than  a  light  oil 
mixture,  applied  with  n  kua|isack  sprayer.  In  tile  funner  case,  a  |iersistent 
tilm  is  renewed  from  the  reservoir  estahlislied  at  the  margin.  In  ini|iouiule<l 
waters,  such  applications  ctmtrolled  nnoiihrline  breeding  for  4  weeks. 

Possible  disadvantages  were  also  noted:  (1)  Heating  is  necessary  to  put 
DDT  into  complete  anliitimi,  es|>ecially  with  tlie  higher  viscosity  oils,  aud 
(2)  the  1-penent  comeiitratiiHi  killed  practically  all  forms  of  insert  life  in 
tlie  water.  Since  this  included  adult  mosquitoes  alighting  on  the  water  for 
opposition,  malaria  control  was  augmented,  but  tlie  destruction  of  many  forms 
of  fish  food  might  well  have  adverse  economic  effects.  From  a  strictly  military 
standpoint,  this  was  not  of  immediate  concern,  but,  in  tlie  interest  of  long- 
range  conservation,  it  was  destined  tu  have  a  limiting  effect  on  tlie  general 
use  of  DDT  in  postwar  years. 

All  of  the  field  work,  in  connection  with  tlie  tests  descrilied  previously,  was 
carried  out  by  Capt.  Emery  V.  Smith. 

During  the  calendar  year  1044,  two  reports  were  rendered  on  tlie  hand 
application  of  DDT  as  a  iarvkide,  ami  three  on  the  distribution  of  DDT  by 
airplane.  Hand  application  related  almost  entirely  to  larviciding,  but  treat¬ 
ment  from  the  air  was  aimed  at  control  of  adult  mosquitoes  as  well.  Towai'd 
the  end  of  the  year,  a  specially  constituted  board  of  aAcers,  including  Navy 
personnel,  made  preliminary  tests  on  the  efficiency  of  a  20- percent  sol  at  ion  of 
DDT  by  weight  in  “Velsicol  NR  70,*'  distributed  as  an  Aerosol  spray  by  a 
specially  equipped  combat  aircraft  furnished  by  the  Navy.  Teats  scheduled 
for  1945  included  large-scale  distribution  of  DDT  in  various  solvents  by  multi¬ 
engined  aircraft  of  the  C— 47  and  B-23  type. 

Various  boards  were  appointed,  augmented,  modified,  and  superseded 
in  the  course  of  this  wtirk.  It  is  not  practical  to  list  them  all.  A  selected 
example  will  serve  to  illustrate  procedure : 

*  WW.  CM.  W«lo  (-  Cm.  sc,  tarim  Paaaaa  Caul  Drtartamt.  t*  Tin  Sauna  General, 
L’.l.  A  raj.  3  M.  1*44.  Mini:  Kent  w  EOcmcy  it  ■  Xn  LanrtrMe  (DOT),  iaetaeare  Unite 
IS  Jan.  1*44,  iSjut :  OV »erv  1 1 Imm  aati  C.wmii  ■■  t W  KSea ey  at  Xnr  UnlcMi  lit  Saaw  MgSatl 
«t  AyeUnttoa. 
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III  «f]iiiim ry  1945,  n  board  of  officers  win*  up|>oiiited  to  study  eertnin  aspects 
of  miliaria  control.*1  The  jtersoiniel  were  ns  follnws:  Col.  Charles  G.  Souiler, 
MC,  Army  School  of  Malariology  (Chairman);  Col.  Wesley  C.  Cox,  MC, 
lleauqiiurters,  l’lmiiiiin  ('mini  Department :  Col.  Harold  K.  Schneiiler,  MC, 
Sixth  Air  Force;  Lt.  Col.  Daniel  Heigsmii,  MC,  llemlqnarters,  Caribbean  De¬ 
fense  Com  nun  ul;  Lt.  Col.  Alton  11.  Snxer.  MC.  Sixth  Air  Force ;  Mnj.  (Inter 
Ijt.  Col.)  Charles  I.,  Pierce.  SnC.  Piiimnm  Cniuil:  Mnj.  Mnrsluill  I leri ig.  SnC, 
Gorgus  Memorial  Ijilmnitory :  Cnjit.  Kmery  V.  Smilli,  MC.  Headquarters, 
Panama  Cniuil  De|iin1nieiit,  Recnrder;  nml  Dr.  llerls-ii  ('lark,  Director, 
Gorgas Memorial  Laboratory. 

Three  technical  consiihniits  were  also  di>sigiiiiled :  Ij.  Col.  (later  Col.) 
John  Q.  A.  Daniels,  MC.  Mnj.  Tristram  J.  Ciiniiiiiiis,  Jr..  (TVS,  nml  (*a|>t. 
William  X.  Sullivan,  SnC. 

Included  in  the  objectives  of  this  study*1  were:  (1)  Ait  inn  of  various 
solutions  of  DDT  against  larvae  and  adult  mosquitoes:  (2)  effectiveness  of 
equipment  devised  for  aerial  distribution  of  DDT  j  (3)  securing  of  information 
relative  to  tlie  influence  of  terrain,  meteorological  conditions,  ty|ie  of  eqiiije 
inent,  and  other  factors  on  effectiveness  of  I)DT:  and  (4)  the  effect  of  DDT 
on  insects  otlier than  mosquitoes. 

A  preliminary  report  was  remlered  31  March  1945  on  tests  carried  out 
in  the  Republic  of  Panama  between  23  January  and  ft  March  1945. 

Certain  aspects  of  DDT  airplane  spraying  tests  in  Panama  are  sum¬ 
marized  from  a  report  by  D.  Col.  Oliver  R.  McCoy,  MC : M 

Tlie  Army  Air  Forces  Hoard  arrived  in  Panama.  23  January  1945.  Three 
officers,  from  Wright  Field.  Ohio,  and  Orlamlo  Air  Hasp,  Fla.,  were  accom¬ 
panied  by  five  civilian  consultants;  four  of  tliese  con  suit  ants  were  from  the 
F5.  Department  of  Agriculture.  Tliese  were  assigned  by  a  special  hoard 
appointed  by  the  surgeon  of  the  Caribbean  Defense  Command.  Colonel  Cox 
served  as  project  director. 

Two  malaria  control  units,  30  Medical  Department  enlisted  men,  and  12 
enlisted  men  from  the  Army  School  of  Malarioiogy  assisted  in  the  work. 

The  Signal  Corps  set  up  a  communications  system  and  furnished  photog¬ 
raphers.  A  complete  weather  station  was  established  at  field  lieadqnarter*. 

Tlie  Army  Air  Forces  Hoard  took  charge  of  application.  The  Panama 
Hoard  evaluated  results.  Five  plots  in  a  jungle  area  east  of  Panama  City 


"l^tlrr.  r»l.  Hurt  J.  tirrwjr.  A <30  A.IJataal  llnml.  (KTW  nt  Uh>  l*r*rnm*i  ('Mauter. 
HaaeqaartM-a.  haiai  Caul  ItrtwrtaMl.  a.  Ol.  Claartm  O.  tww-r.  MC.  Armf  MrWI  M  llalarMair 
(Ctalrauai  IN  member*  M  a  Board  of  OBrm,  Tl  Jam.  1HI  rakjtvt:  Ann»1r<rmi)  of  floetnf  of 
OBfffo  l«  WNy  Orta  la  of  Malaria  Cnalial. 

■Ikp<*rt,  Col.  Ckartoo  {).  Howler.  MC.  f*fcatrmaa.  Board  a#  Oftrera.  to  The  Cana  mi  well  a  g  lie  aural. 
Pimama  Caaal  Ihrparlmoftl.  31  Mar.  IMS,  nibjert  :  rrelialMr;  Kepori  of  a  Roonl  of  DSrem  A|tfM«lailrt| 
to  WNy  Ortala  \*\*rt*  of  Malaria  Cwolrol. 

“  Mnnomdim.  l.(.  Col.  O.  R.  SlriV,  MC.  Wrertw.  TrwHml  Keeiiw  ('oi)rol  IHrUIrni,  Pmeillve 
lMWle  Service.  IMBrr  of  The  Rnnetw  General.  I’.S.  Army,  to  Aetlif  fhlef.  Preveoilre  MrtllHwe 
Serrkf,  fanwn  fl«tev*l,ii  < »e,  IB  Feh,  IMA.  wBJwt :  (HwerrUlowt  of  IHIT  Allflaar  SsrajlRff  TeeD 
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were  surveyed  by  llie  Corps  of  Kngiucers,  mid  (tciimeter  iiml  dingomil  t mils 
were  provided.  Covering  vegctiition  was  about  100  feel  nbovc  llie  ground. 
PrelimiiiHry  mosquito  vomits  were  made  from  liuiiiati  bait  at  iM>  stations  in 
eavlt  plot  and  from  a  horse  t  rap  set  in  the  center  of  each. 

Almost  complete  elimination  of  adult  mosquitoes  was  accomplished  in  all 
the  ureas  treated.  Ijarvicidal  effects  were  tested  by  setting  out  pans  of  water 
containing  Arden  larvae  at  ten  (stints  in  each  (dot.  Since  .1.  itibiim/im*  larvae 
do  not  survive  tnins|K>i1ation.  these  we  tv  tested  by  ex|M*snre  in  the  liilmi'iitory 
to  water  rendered  toxic  in  the  field.  The  larval  kill  de|«eud-  d  on  whether  or 
not  tliespray  |>enetratedtlio  jungle  covering. 

The  nuinlier  and  size  of  spray  particles  reaching  the  ground  were  de¬ 
termined  by  setting  out  slides,  coated  with  magnesium  oxide,  at  each  station. 
From  1  to  3  |ierceiit  of  tlie  material  reached  ground  level. 

Four  plots  were  variously  treated,  using  a  variety  of  solvents.  One  plot 
was  left  untreated,  ns  a  control.  All  spraying  was  done  between  0725  and 
0745  hours,  a  |>eriod  when  tlieiv  was  little  or  no  wind.  The  plane  used  was 
a  14-23  (.1)  eqnip|ied  with  a  grid  outlet,  Results  indicated  that  this  type  of 
equipment  was  mote  satisfactory  than  any  yet  devehqied  for  spraying  DDT 
in  tlie  Held.  Comparisons  with  exhaust  Aerosol  type  of  a]>]>aratus  had  not 
as  yet  been  made. 

Army  Air  Forces  Hoard  Project  No.  F-4005  was  eoni|>Ieteil  and  ie]*orted 
on  11  April  lWi.  Dirge  (Mtylond  tvjie  aircraft  had  been  used  and  various 
DDT  soiutious  employed.  Tltese  tests  made  use  of  a  lake,  a  jungle  amt,  two 
native  villages,  and  six  jungle  test  plots,  all  similar. 

On  17  March  1045,  a  special  board  of  officers  was  created  to  study  further 
certain  aspects  of  the  problem.  This  board  included  four  officers  from  tlie 
Sixth  Air  Force. 

Using  a  0-47  plane  with  a  carrying  capacity  of  Win  gallons  of  DDT  in 
diesel  oil,  the  group  conducted  numerous  tests  in  four  distinct  areas:  (1)  The 
Chilibre-Btwnos  Aires  area,  involving  a  river,  lake  and  jungle  area,  (2)  the 
Farfan  swamp  area,  and  ( :i)  tlie  old  French  Caaal  ana. 

Toward  the  end  of  tlie  year,  a  special  stndy  was  begun,  involving  four 
villages  situated  along  the  Atlantic  coast,  west  of  Fort  Sherman,  C.  Z.  All 
four  were  known  as  hyperendemic  foci  of  malaria.  The  inhabitants  of  Pifia 
were  treated  each  week  with  the  experimental  drug  SN  7,018  (chloroquim 
diphosphate).  In  Lagarto,  the  houses  wen  sprayed  or  painted  with  a  5- 
percent  solution  of  DDT  in  diesel  oil.  The  village  of  Salud  was  sprayed  from 
the  air  with  the  same  preparation.  Nuevo  Chagns  was  left  untreated,  as  a 
control.  An  expansion  of  this  program  was  later  put  into  effect. 

The  Gorges  Memorial  Laboratory 

Through  tlie  National  Research  Council  and  tlie  Office  of  Scientific 
Research  ami  Development,  a  number  of  protdems  relating  to  insect  vectorship 
of  disease  were  studied  at  various  locations.  Three  projects  of  prims  ini- 


190 


<•« IM MI'.NH'AIII.K  IIIMKAMKS 


portniico  in  the  control  of  malnri:i  »w:  (I)  Tin*  development  of  insect 
re|tellents;  (-2)  tin-  development  of  efficient  insecticides  other  limn  py  rvthruui ; 
and  (•*()  the  development  of  improved  Inrvirides  for  the  control  of  mioplielinc 
mosipiito  breeding.1'-"- 

The  (iorgns  Memorinl  Lalamitory,  in  the  Republic  of  Punamii,  wiis  in  n 
fnvornhle  locution  for  this  type  of  work,  not  only  lieninsr  of  cliinnte  nod 
terrain  lint  also  liecanse  coo|iemtioii  for  military  field  stmlies  wns  nssuictl 
from  the  Pitiniinn  ('anal  I)e|mrtinent. 

liy  nieiiiormiduin  of  24  April  194:1.  four  Sanitary  Corps  officers  were 
allotted  for  duty  with  The  Surgeon  General  for  the  purpose  of  conduct  ing  these 
and  other  resell  relies  til  tlieGorgas  Memorial  Litlmmtury.** 

Dr.  llerltert  (’,  Clnrk,  Director  of  tlie  I>uls>ralory,  neteil  ns  commanding 
officer  of  the  group.  The  Army  personnel,  with  dates  of  nrrivid  mid  de¬ 
partures,  were  as  follows :  “! 

Ptr—mmtl  mmd  Mr  mf  arrlral  ft l aim*  «  «/  /  YarriaArr  »»).* 

Maj.  Marshall  llcrt  I*.  1.1  June  l!M3 -  -  Ml  lit  nit  illlljr. 

1st  Ij,  (taler  l*lt|H.)  A  lex  n  inter  It.  II.  Kalnlilht.  H  April 

IMS— . - . - . .  Mllll  on  duly. 

1st  l.t,  (taler  Oa|*.  I  William  Met  Hide.  It)  Amtasl  111  1.1.  Hefairteil  II  Jiiim>  11M4. 

lsl  l.t.  (later  Ca|it.  I  K»y  Nrivln,  4  IMiiIim  1IM3 -  He|wrte<l  III  Me|itr(iilier  11M4. 

3d  1,1.  (later  lsl  1,1.1  Harold  Tra|iid«,  4  Jnly  1W4 _ Mllll  no  duly. 

1st  1,1.  Charles  It.  MIchclicr,  1.1  Itecenilirr  tint  _  Mllll  ihi  duly. 

T/t  Kilww  K.  Klehter.  17  July  lIMt _ _ _ _  llejsirtcil  -J»  iHiiIht  11MI. 

It  will  lie  seen  that  I  lie  allotted  strength  of  four  officers,  including  one  of 
field  grade,  was  maintained  t lirotigimut  tlie  |a>ri<Ml  concenied.  ('apt.  (later 
Maj.)  Alexander  G.  H.  Fairchild.  SnC,  had  lieen  a  staff  inenilier  of  tlie  (iorgas 
Memorial  Laboratory  for  5  years  previous  to  his  military  duty.  Capt.  Roy 
Melvin  and  Lt.  Cliarles  It.  Mieliener,  wls>  replaced  him,  were  t'oncemed  with 
studies  ihi  ehiggvrs.  Tlie  DDT  anoplteline  |»rojects  were  directed  hy  (’apt. 
William  C.  McDuffie.  His  successor,  id  Lt.  (later  1st  (4.)  Harold  Trapido,  was 
chiefly  concenied  with  tlie  village  malaria  control  project. 

Tlie  lieadquarters  of  the  unit  were  located  in  tlie  Gntga*  Memorial  Labora¬ 
tory  in  Panama  City.  The  Institutes  animal  houses,  tlie  insectary  with  its 
colony  of  .4.  nibimnn **,  and  the  sen-ices  of  laboratory  personnel  were  likewise 
available  for  use. 

In  addition,  (lie  field  station  at  Juan  Mina,  on  flic  Cltagres  River  just 
inside  the  Canal  Zone  boundary,  was  much  used.  Most  of  the  repellent  tests, 
the  DDT  anopiieline  work,  and  the  village  DDT  spraying  project  were  carried 
out  from  this  point. 


«Xiain»4ia.  Col.  J.  I.  Hatiall,  Ml’.  IHn-rlar,  Military  Peraaaaat.  |OSn  <4  The  Samoa* 
Ooonl.1  la  TW  Mostr,  Mllll* ry  IVnwiaH  UtMm.  Army  Brrrlrr  Forrr*.  13  Apr.  1943,  MajoC 
AUadarat  af  Otm  la  Tit*  Sararoa  Geaeral  far  a  Sparta  I  Italy. 

•  MraiaraaSan.  Rriy  Oaa.  KaaaaU  II.  HayaoM*.  G8C,  Director  Military  IVraoaaal  IHrlataa, 
Array  Surkr  Varee*.  for  TU  Samoa  Oratral.  24  Apr.  1*43.  Mitwt :  A llal oral  ,4  IlSm. 

*  Bertie,  MarakaB  :  ChraaoHtteal  1M»ry.  Gama  Mrautrlal  Laboratory  lTall  of  Saaltary  Corpa 
Mm.  1*43-40.  |OfMal  iraii] 
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Tile  expenses  of  the  unit's  various  projects  were  covered  pnrtly  by  tins 
Gorgas  Memorial  iAtltomtory  mid  pail ly  l>y  funds  provided  under  eoutrncts 
between  the  Laboratory  and  the  Committee  on  Medical  Research  of  the  Office 
of  Scientific  Research  and  Development.  Certain  supplies  were  furnished  l»y 
the  Army,  as  were  two  vehicles  (hut  not  their  nniintenunee). 

Helpful  contacts  were  maintained  with  the  chief  health  officer  of  the 
Panama  ('mini,  the  surgeon  of  the  1*CD.  and  the  surgeon  of  the  Panama  Mobile 
Force.  This  gave  opjmrtnniiy  for  the  officers  of  the  unit  to  visit  held  instal¬ 
lations  mid  jungle  oiit|>osts  ami  to  ]>nrtici|Mite,  with  tna>]>s,  in  liehl  tests  of 
repellents  and  protect  ive  clothing. 

Repellents  Rutgers  111 2,  dimethyl  phtlnilnte,  nud  the  Army's  Ct-il-i  mixture 
were  tested  against  .1.  itlhiiminn*.  .1.  trhinnulutH *.  mid  four  s|»eoies  of  .Vhh- 
lonla.  All  were  found  effective  against  lmth  anopltelines  ami  culiciiips. 

Early  experiments  with  DDT  dusts  as  lnrvicides  were  not  encouraging, 
and  em|)hasis  was  shifted  to  oil  solutions  and  emulsions.  It  was  brought  ont 
that  since  the  effect  of  DDT  in  nil  as  a  larviciile  is  very  brief,  ifs  principal 
value  lies  in  the  practically  100  |iercent  kill  which  can  lie  achieved  with  very 
small  quantities  of  the  insecticiile,  such  as  one-fortieth  to  one-twentieth  of  a 
pound  |»er  acre. 

Major  Hertig  and  Captain  Fairchild,  as  members  of  tlie  Imard  of  officers 
serving  under  Colonel  Souder,  )mrtieipaled  in  flie  ex|ieriments  on  spraying 
DDT  from  aircraft  under  jungle  conditions.  Dr.  lleriiert  ('lark  and  memliers 
of  the  U.S.  Department  of  Agricnliiire,  bureau  of  Entomology  and  Plant 
Quarantine,  from  Orlando,  Fla.,  and  Washington,  D.C.,  also  served  with  this 
group. 

Captain  McDuffie  carried  out  experiments  in  half-acre  plots  to  determine 
the  effects  of  DDT  sprayed  from  the  ground  to  control  adult  mosquitoes.  In 
dense  jungle,  the  beneficial  effect  lasted  several  days,  while  in  o|ien  country 
the  benefit  was  transient.  The  latter  observation  was  supported  by  the  sub¬ 
sequent  work  of  Captain  Fairrliild  in  a  cacao  plantation  at  Almirante,  Repub¬ 
lic  of  Panama,  where  no  effect  was  observable  the  day  after  spraying  was 
carried  out. 

The  village  spraying  projects  conducted  by  Lieutenant  Trapido  deserves 
fecial  comment.  In  15  months  of  investigational  work,  he  demonstrated  tha 
desirable  effect  of  merely  spraying  the  houses,  which  were  built  of  cane  walla 
with  palm-thatched  roofe.*  There  is  obviously  no  way  to  tender  such  dwellings 
mosquitoproof.  Five  percent  DDT  in  kerosene  was  applied  inside  and  out  at 
intervals  of  4  months  to  houses  in  the  village  of  Gatnnrillo,  in  the  middle 
('hagres  River  area.  Two  adjacent  villages  weir  used  as  controls. 

Aa  measured  by  house  catches  ami  horse  baited  traps,  a  great  reduction  of 
anophel ines  was  realised  in  the  treated  village  and  ares  close  by.  The  degree 
of  control  improved  with  successive  treatments.  During  the  third  4-month 

•TntHt,  R. :  TW  ImMhI  StnTlajt  rf  DiSIIwi  with  I  HIT  la  I W  Coalml  of  Malaria  Traaa- 
ailaataa  la  Paaaaia,  With  Bfirial  fcfiwaw  ta  Amapirtfi  ilHaMn.  Aawr.  J.  True.  Mad.  H :  JU-tti, 
lair  IW. 
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period,  the  nuiluria  transmission  potential,  ns  shown  by  captured  .1.  alb'tman us, 
was  reduced  by  99.9  jHTcent.  Reduction  in  nnophcline  ]>opiilat  ion  was  evident 
for  at  least  G(X)  feet  into  the  forest.  At  the  end  of  the  first  year,  a  decrease  of 
the  malaria  rate  was  also  observed." 

Earlier  work  on  projects  s|*>nsored  by  the  Office  of  Scientific  Research  and 
Development  had  lieeii  carried  on  by  Dr.  Carl  M.  Johnson  who  studied  nmlnria 
antigens  and  by  Mr.  Daniel  M.  Johhins  who  iuvestignted  insect  re|)elleuts.T0 

It  should  lie  remembered  that  much  of  the  knowledge  thnt  was  available 
concerning  maluria  in  Panama  at  the  outbreak  of  the  war  was  the  result  of 
surveys  and  investigations  carried  on  by  the  staff  of  the  Gorgns  Memorial 
Laboratory.  The  tenth  and  fund  report  on  a  selected  group  of  villages  along 
the  Cluigres  River  was  puhlielied  in  1941,’1  Species  of  malaria  parasites  were 
found  ill  tlie  following  proportions:  /’.  falrl/mnwi ,  7*2  percent;  /’.  ri cur,  22 
percent;  and  /\  malaritte ,  0  percent.  More  than  ha’f  tlie  population  of  the 
villages  studied  were  jiositive  for  malaria  one  or  more  times  during  tlie  year 
aa  shown  by  monthly  surveys.  Significant  in  the  general  tindings  is  tlie 
conclusion  that  drug  treatment,  though  it  practically  eliminates  Hevere  clinical 
malaria,  cannot  prevent  an  epidemic  wlien  unusually  great  numliers  of  the 
vector  are  present.  It  is,  tlierefore,  considered  quite  impossible  to  eradicate 
malaria  (Ninisites  by  such  means,  or  even  to  reduce  transmission  to  any  great 
extent.  It  was  establislied  that  quinine  and  Atnbriiie  may  be  considered 
equally  effective  as  nntimalarial  drugs  but  that  tlie  use  of  Ptasmochin  (pama¬ 
quine  naphtltoate),  because  of  its  toxic  effects,  requires  close  supervision. 

The  Pm n  America  Highwey 

Along  the  Inter-American  Highway,  especially  in  Central  America,  the 
most  important  malaria  vector  is  A.  alhimanu*,  with  A.  ptettdofmnctipennU 
a  secondary  vector  at  high  altitudes.™  From  both  a  military  and  a  civilian 
standpoint,  it  is  important  that  halting  places  for  travelers  be  made  as  safe  as 
possible.  Routine  measures  that  render  the  large  renters  of  population  more 
or  less  mosquito  free  are  not  practiced  in  the  smaller  towns  of  the  rural  low¬ 
lands,  which,  therefore,  remain  a  special  hazard  in  this  respect.  Surveys 
begun  in  1943  by  the  Pan-American  Sanitary  Bureau  showed  that  the  risk 
of  contracting  malaria  ex'Ks  for  the  most  part  below  an  altitude  of  1,000  feet 


•la  rmit  jnn,  a  »|tw  at  rwirtiWf  aa  lb»  part  at  Ito  aaaptollsra  laa  torn  TUa 

fca«  pcav*4  la  to  to  la  a  flil»  mi  rrwtlaa  toMta,  wtortto  Ito  — sq«tls>s  as  htof  m4  walla  at 
tolMlaga  far  faatlaaf  toton.  aad  liras  tfM  ta  avoM  raw  tart  vttb  tto  ImN  sarfacaa.  Tna, 
Myililllwl  mbUaft.  aa  la  Ito  towarfljr,  ton  aat  toa  eawiratoL — L.B  W. 

lm  Lrttrr.  H*ary  K.  Mrtrwry,  M.D..  rttaaallaal  la  Ito  Mrrvrtarjr  « t  War.  la  MiaWu  m  «l  tto  (Vwtral 
Aasrima  Psaalsilsw  aw  KtrM  laatrartlww  la  Tr»|ilral  IMtHw,  7  Apr.  1W.1,  laHmaara  itorHn.  *sfc- 
>rt.  Iffwrt  of  Taar  tif  l'**«lral  Aaeriw  Far  Ito  IHirjawp  nt  Harveylag  Tn*f4ml  IHaaan  rnadlltaax 
•to  DffHdaiUtra  far  IVM  Kiiartratr  la  Trn*4ral  lltotria". 

n  CKartc.  H.  C.,  lUip.  W.  H.  W.,  aat  JahMaa,  D.  M. :  A  Trail*  T«tr‘»  Okserrallsa  aa  Malaria  la 
fiMwa,  will  Mffraw  ta  tto  Ocean*  a—  mi  Varlaltowa  la  Ito  I*irasitr  Itoi,  darlif  OiraltaaH 
Treat  ana  t  will  Atatoiaa  a  to  rUiaoHila.  An.  J.  Trap.  Mto  21 :  111-211,  Marrh  1041. 

*•  Jttola*.  D.  X. :  Alnasa  ptuMraa*  ra  H  rawftral  tie  Hnsqalfss  mm  la  rarratara  lairrawfrif  aa  tie 
Gtatra  Aaatrtea.  IW.  OAe.  aai.  hiaa.  2T :  81M2i  totrato  1MI. 
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and  that  only  very  restricted  iiinlni'in  « -enters  exist  nliove  3,000  feet.  These 
isolated  foci  at.  higher  nltititdes  did,  however,  increase  in  number  during  the 
construction  |>oriod,  lux-nit.**  the  infected  laborers  served  as  malaria  reservoirs 
after  returning  lnnne. 

International  conferences  relative  tothe  const  rncl  ion  of  an  I  liter- American 
Highway  date  from  1P23.::|  Appi-opi-bitKius  by  tin*  l'.S.  Congress  liegnu  in 
1923.  Tile  military  value  of  the  project  was  ivcogni/.ed  after  the  lxniihing  of 
Pearl  llurl  sir,  mid  on  reconiinendatioii  of  (ien.  Hrehnn  11.  Somervell,  Com¬ 
manding  General,  Army  Service  Forces,  the  Win-  1  *>)>,. 'Intent  took  over  the 
responsibility  of  constrnet ion  in  Central  American  countiies  on  3  July  1942. 
Col.  Edwin  C.  Kelton  of  the  Corps  of  Engineers  was  placed  in  charge,  with 
instructions  to  make  the  highway  passable  for  heavy  military  tiuttic,  in  all 
weather,  from  the  northern  Imrder  of  Mexico  t>,  the  Canal  Zone.  This  in¬ 
volved  459.7  miles  of  new  construction,  in  addition  to  the  improvement  of  404 
miles  of  existing  road ;  690  miles  of  nil- weather  road  were  already  in  use.  When 
the  project  was  discontinued  for  military  pur] loses  on  31  October  1943,  approxi¬ 
mately  000  additional  miles  had  been  made  ]mssahle,  with  some  233  miles  of 
rond  in  Panama  and  Costa  Iticu  still  lie  to  constructed.  It  should  be  pointed 
out  that  id  no  time  was  the  completion  of  tlie  project  considered  an  urgent 
military  necessity.  It,  tliereforc,  received  a  very  low  priority  both  as  to  mate¬ 
rials  mid  shipping  facilities. 

Tim  mileage  to  lie  constructed  or  improved  under  Army  supervision  was 
constituted  as  follows: 

ililratr 


lMvkl.  p*naiua.  to  la  Cuuce|M-)ua,  Panama _  IS.  0 

La  I'iMKta  lo  Pledra*.  l*anama,  to  Ru  l*ldn>  del  General,  t’mla  Rh-a - 131.8 

Hr.n  Ramon.  Costa  Rica,  to  Nicaraguan  border -  IS0.S 

iNcaragnaa-Costa  Rlcaa  boundary  to  Dirlaailw,  Nk-aragna -  #4.5 

Mbuco,  Nicaragua,  to  I  load  am  n  border -  s£  3 

Iloodnraa-Nkaragna  boundary  to  Oooscarda  River  on  Katvador-IIoodara*  l»«rd**r —  #1.8 

Goonrsnla  River  to  Haa  Mtanet.  Halvador -  M.  0 

Ran  Cristobal.  Halvador.  to  Goa  terns  la  Clljr _  100. 0 

Gaatnaala  City  to  Mexican  bonier -  11M.  0 

Total _ _ _ HURT 


Approximately  27,000  persons  were  employed  by  contractors  and  U.8.  en¬ 
gineers.  Of  three  25,060  were  Central  American  natives. 

At  the  beginning  of  the  project,  Colonel  Kelton  requested  that  two  oAeers 
from  the  Medical  Corps  be  assigned  for  duty  with  his  group,  one  to  serve  at 
San  Jose,  Costa  Rica,  the  other  at  Managua,  Nicaragua.  At  the  time,  it  was 
contemplated  that  approximately  120  men  would  be  stationed  in  Panama  and 
Costa  Rica,  100  in  Nicaragua  and  Honduras.  The  total  allotment  of  officers 
was  accordingly  increased  by  this  number,  and  two  medical  officers  of  the  rank 
of  major,  experienced  in  tropical  diseases,  were  ortlered  to  report  to  Headquar- 


WTW  lutir-Amerimi  niRbvajr,  mm  literki  Report  Trmm  the  Cownlttee  on  Roart*.  Howe  mt 
Rcpnmhtlrn,  r.R.  Cuinm1*-.  18  Dee.  INC 
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ters,  Pun  Atiierirnii  Highway,  l\S.  Kngineer  ( Mticc,  Fa»s  Angeles,  < 'iilif.,  for 
duty  in  ('entral  America. 

A  list  of  nieilieal  installations  eventually  utilized  or  established  in  conuer- 
tion  with  the  project  is  shown  in  tuhle^T. 

Tabi.K  27. —  Mnlirat  in*UtHutinn*.  I'nn  .1  mrriniH  llujh ini;; 


Avsiiniiui  |MT<wmn«‘t 


Isocffilion 

T>|«' 

<  rtl airily 
ht-U 

f  *ilicvrs 

Civilian 

technicians 

PaiMimi: 

Boquerdn 

l)is|M'iisMry 

0 

it 

i 

HI  Volrilu 

Infirmary.. 

:t 

l 

t 

Cosln  Kirn: 

Com -dor. 

Dispensary 

It 

It 

i 

Xalmlito _ 

do 

n 

41 

i 

1‘olrero  (Sroiidr 

do. 

u 

ii 

i 

Kimmhm  Aires 

do. 

0 

ii 

i 

San  Isidro  del  ta-neral 

Ho«|>nnl 

25 

i 

3 

Dominical. . 

Dispensary 

II 

ii 

1 

Macho  (Sa|i 

do. 

II 

ii 

1 

Kl  Km  poll  nr  . 

do. 

II 

ii 

1 

Hen  Jos  f 

ll<*l>il«l  .. 

25 

4 

III 

Hail  RaniAn 

I>is|wnsnrv 

tl 

II 

1 

Maranma.. 

Hospital 

25 

1 

3 

(•uartmal 

Dispensary 

II 

II 

1 

Ijas  Ci.  has - 

Infirmary 

4 

II 

1 

Baaaees... 

Dispensary 

II 

O 

I 

Liberia.. 

Infirmary 

4 

1 

1 

I  j»  Crux 

Nicaragua: 

Dfcpenxnry 

II 

0 

1 

Maaarua 

Infirmary 

5 

1 

3 

Ban  Isidro... . 

_ do. 

3 

I 

2 

Eateii _ 

Hospital _ 

25 

2 

« 

Ducualt.. 

Honduran: 

1  nfirmnrv . 

» 

1 

2 

Saul  Mams 

. do. 

« 

0 

• 

El  Banqulto.  .... 

. do — . 

3 

O 

I 

Chohitm 

. do.  . 

11 

1 

3 

Xacaome .  . 

Hospital _  . . 

25 

2 

5 

El  Salvador: 

Santa  Rosa...  - ... 

Dispensary _ 

0 

u 

1 

Dnlm  tmA  Ct 
Mom wytm,p.m. 


w  Fm  Antrim  Hirlnrajr,  Carp*  «f  tUmrm  HMarkal  Miogaph,  rot  I, 


Besides  tlie  officers  assigned  to  Central  American  duty  for  the  duration  of 
the  project,  several  others  served  the  area  on  a  temporary  basis.  Through  the 
efforts  of  Col.  (later  Brig.  Oeu.)  l^eon  A.  Fox,  MC,  it  was  suggested  that  a 
limited  number  of  medical  officers,  wlra  had  completed  a  course  in  tropical 
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medicine.  should  In*  assigned  to  tin*  mvn  temporarily.  for  I  lie  ilntil  |ntr|>nse  of 
serving  tin*  organization  iiml  gaining  |M*rsomil  ex|**rience  in  the  handling  of 
tropical  diseases. 

This  was  made  operative  in  March  l!>4:5:  iis  n  result,  nine  ofliceis,  selected 
by  The  .Surgeon  General,  rejxirted  to  the  project  medical  director  mul  were  sta¬ 
tioned  nt  const  met  ion  en>n|>s  inn!  other  |M>ints  where  training  facilities  were 
suitable.  By  n  system  of  rotation,  eudt  ollieer  trainee  was  brought  into  contact 
with  all  tropical  diseases  and  snnitnry  problems  ivlated  to  the  project. 

Climatological  factors  affected  both  engineering  and  health  problems.  In 
Central  America,  as  stated  previously,  there  is  usually  a  wet  and  a  dry  season. 
As  a  rule,  the  dry  season  begins  aim  it  the  first  of  Decemlier  and  terminates  in 
May.  The  rainy  season  of  11)42  proves]  nhnonniilly  wet  and  long,  in  some 
localities  extending  to  February  1*44:1.  By  contrast,  the  rainy  season  of  104-t 
was  abnormally  dry. 

In  most  years,  western  Panama  nud  south  Costa  Kirn  receive  a  heavy  rain¬ 
fall.  Toward  the  north  and  west,  this  diminishes,  with  Nicaragua  and 
Honduras  receiving  the  minimum.  There  is  tlien  a  gradual  iuerease  through 
El  Salvador  and  eastern  Guatemala.  Ill  western  Gnntenialn.  lieavy  precipita- 
tion  is  tlie  ntle. 

In  general,  the  wet  season  is  fnvorable  to  inoHipiito  breeding  throughout 
Central  America.  The  lieavy  rains  are  not  handled  adequately  by  the  drainage 
channels  which  effect  control  ut,  other  times,  and  fresh  breeding  places  are  thus 
created.  By  contrast,  the  dry  season  is  unfavorable  to  adult,  mosquitoes  and, 
though  breeding  goes  on,  the  average  female  rarely  survives  long  enough  to 
become  infected. 

Early  attention  to  malaria  prevention  was  inclined  to  be  haphazard.  Dr. 
Henry  E.  Meleney,1*  Consultant  to  the  Secretary  of  War,  made  an  extensive 
tour  of  tlie  Central  American  countries  in  104-3.  In  Costa  Rica,  at  a  new  camp 
and  hospital  for  Army  engineers  near  Esparta,  he  found  screen  doors  of  mess- 
halls  opening  inward  and  moequitop roofing  of  buildings  incomplete.  At  a 
similar  camp  near  Tam  Can  as,  he  found  windows  of  sleeping  quarters  furnished 
with  shnttera  but  not  with  screens.  Gauxe  was  used  on  doom  instead  of  wire 
screens,  and  some  doom  had  no  springs:  however,  mosquito  bars  wen  in  use. 

Band  on  leccmmendstioa  of  the  Pan-American  Sanitary  Bureau,  pro¬ 
tective  sanitary  measures  were  instituted  in  construct  ion  camps  along  the  high¬ 
way,  particularly,  in  Nicaragua  and  Costa  Rica.  In  Costa  Rica,  from  12  to 
40  psreent  of  all  time  lost  by  American  labor  had  been  traced  to  malaria. 
Ditch ing  and  the  use  of  oil  larvicides  were  emphasised. 

In  Nicaragua,  DDT  was  used  both  ss  a  larvieide  for  the  spraying  of  build¬ 
ings  in  the  larger,  newer  camps  along  the  Rama  Road.  This  road  branches 
from  the  Pan  American  Highway  near  Luke  Managua  and  Lake  Nicaragua  and 
proceeds  to  the  Atlantic  Coast.  Certain  camps  in  Honduras  received  similar 
treatment .  In  all  cases,  control  was  adequate. 


™  Mr*  fsetMts  T9,  p.  lH 


190 


tOMMIXII’AIII.K  tUSKASKH 


In  tlie  smaller,  temporary  camps,  where  ex|*>nilitmvs  for  drainage  could 
not  be  justified,  Inrviciding,  together  with  spraying  and  screening  of  barracks, 
gave  reasonable  con t ml. 

A  special  ns|)ect  of  the  problem  was  rchned  to  tin*  large  nundwrof  im|Mirted 
laborers  who  proved  tola*  imdnria  carriers.  Treatment  was  instituted.  not  only 
for  those  with  symptoms,  but  for  all  carriers  who  conhl  Is*  discovered. 

The  unlit  riti  situutioii  as  of  ">o  June  1943  is  well  s<*t  forth  in  a  letter  from 
Colonel  Kelton  to  the  Chief  of  Engineers.  I*.S.  Army/*  The  plan  of  medical 
care  had  lieen  deve1o|ted  in  aivonlnnee  with  recommendations  of  Cohatel  Fox 
who,  acting  for  the  Oflice  of  The  Surgeon  flencnil.  conducted  a  survey  of 
medical  conditions  in  November  194'J. 

The  ndmiuist ration  of  tin*  Pan  American  Highway  in  Central  Aineriea 
o|ierated  as  two  units.  The  uorflient  urea,  with  headquarters  at  Managua, 
Nicaragua,  included  finatenmla.  El  Salvador.  Honduras,  and  Nicaragua.  Tlie 
southern,  or  Sail  .Iota'  amt,  which  included  Costa  llicn  and  Panama,  was 
administered  from  Sail  Jose,  Costa  Rica.  Tin*  chief  medical  officer,  who  main¬ 
tained  lieadipnirters  at  Snn  Jose,  had  assigned  to  his  staff  one  oltwer  trained 
in  entomology  and  malaria  control,  also  a  sanitary  engineer,  similarly 
specialized. 

All  personnel  stationed  in  malarious  areas  were  reputed  to  sleep  umler  bed 
nets,  but  screening  for  barracks  ami  messlialls  was  not  at  lirst  available.  Until 
this  could  be  provided,  mosquito  netting  was  used  in  several  plates  to  screen 
messlialls.  Citizens  of  the  United  States  were  required  to  take  suppressive 
Atabrine  therapy. 

Local  health  agencies  gave  full  cooperation  in  tlie  control  program. 

Approximately  375  cases  of  malaria  occurred  1*1  wren  July  1W2  end  June 
1943  among  the  2JJ00  TT.S.  ritiaens  on  duty  with  the  Pan  American  Highway 
in  Central  America.  This  15  percent,  however,  occurred  in  less  than  lialf  the 
total  personnel,  chiefly  among  those  stationed  at  ports  of  entry,  or  on  duty  in 
hypemndemie  areas,  or  engaged  in  survey  work.  It  should  also  hr  noted  that 
the  wont  malaria  epidemic  in  20  yean  occurred  during  this  period  in  the  coun¬ 
tries  concerned.  Nicaragua  and  Honduras  suffered  most,  chiefly  berauar  of  a 
great  scarcity  of  anti  mala  rial  drugs. 

In  the  San  Jose  area  (Coeta  Rica),  employees  lost  time  because  of  ma¬ 
laria  "  daring  every  month  that  the  project  was  in  operation.  In  a  period 
of  10  months,  a  total  of  187  eases  (by  monthly  increments)  handicapped  prag¬ 
mas  in  thia  area  alone. 

Tkrcr-millkm-Jollmr  plm  for  the  Caul  Zone 

Am  meutkoed  elsewhere,  a  complete  survey  of  all  posts,  camps,  airbsaea, 
and  stations  within  the  te  ritorial  limits  of  the  Canal  Zone  was  made  in  1913. 

*  latter.  Cal.  Bdwla  C.  Kattoah  Ohh  af  IqIiiih,  Maaetor,  Paa  Jlanlnt  lllrkva,.  1'S 
Eidam  Mn,  ha  Jaa*.  Oaata  Ska.  to  Tb  CWaf  at  Eaetonn.  USA.  Waaklastoa,  1  S3  Am.  1*4.1. 
Mkjact :  Mini  ArtlvIHaa,  Paa  AaaarVaa  llpmr,  Parted  Pnaa  lalUattoa  af  HmW  to  a*  Jaar  1*4.1. 

*  PaUsa  aad  Oaatrartlaa  a t  Paa  Atoaateaa  Rlckwaj.  Carpa  af  Kaghwafa  UMartral  awanto. 
cal.  1,  FVWraarj  IMS. 
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The  resulting  ina|w  showed  all  drainage  systems,  watercourses,  nml  ini|>ouuded 
bodies  of  'water.  The  recommend* t ions  regarding  iniilnria  control  involved 
three  phases,  based  on  relative  urgency. 

1.  Projects  requiring  immediate  action,  to  lie  completed  as  soon  as  jxissible 
and  in  any  cane  within  2  years. 

2.  Projects  to  be  completed  in  the  near  future,  with  an  outside  limit  of  5 
years. 

3.  Long-range  projects,  requiring  completion  within  lit  years. 

It  was  estimated  that  the  entire  plan  would  require  the  ex|>eiulitnre  of 
approximately  $3  million.  When  completed,  this  would  accomplish  complete 
sanitation  (with  reference  to  malaria  control)  for  each  military  installation 
and  its  environs  within  flight  range  of  the  niu>|tlieline  vector. 

Funds  for  initial  operat  ions  were  ntade  available  in  1144,  and  the  Depart¬ 
ment  engineer  was  instructed  to  begin  work  1  January  1945  on  six  projects, 
to  meet  immediate  needs.  Tliese  included  the  posts  of  Corozal,  CjL,  A1  brook 
Field,  Fort  Kobbe,  C.Z.,  Howard  Field,  France  Field,  Fort  Daria,  CJL,  the 
Chira  Chira  Signal  Corps  amt,  and  the  outlying  amt  of  Albrook  Field  along 
tlie  Fort  Clayton,  Corozal,  Albrook  Highway. 

A  sum  of  1880,000  was  expended  during  the  fiscal  year  1945  for  labor 
and  approximately  $120,000  for  material.  An  appropriation  of  $400,000  was 
allocated  for  1946,  and  an  equal  sum  was  approved  for  1947. 

Plans  for  1947  included  work  at  Fort  Gulick,  CjS.,  Fort  Sherman,  Fort 
Clayton,  and  the  Corozal  Cemetery. 

The  surreys,  an  which  these  projects  were  based,  am  models  of  detail 
and  include  specific  recommendations  as  to  use  of  round  tile,  inverts,  ami 
culverts,  in  addition  to  showing  each  location  where  filling,  regrading,  ami 
paring  should  be  carried  out/7 

ANTILLES  DEPARTMENT" 

Climate,  Topography,  and  Population 

Hie  Greater  Antilles  and  Leeward  Islands  are  generally  similar  in  tem¬ 
peratures.  The  entire  area  lira  in  the  belt  of  the  northeasterly  trade  winds, 
which  nrakra  for  an  even  temperature,  ranging  between  79*  and  W*  F.  Pre¬ 
cipitation  my  vary  greatly,  not  only  from  bland  to  island,  but  from  year  ta 
year  in  the  nune  locality.  Heat  and  humidity  are  not  oppressive  except  in 
shahsred  arms,  moat  of  which  are  some  distance  from  the  coast.  The  “prickly 
heat  season”  in  Puerto  Rico  extends  from  Hay  to  .September,  in  typical  years. 
Cuba  has  a  defiaite  rainy  season  which  occurs  in  June  and  July.  In  Pnerto 


"Uni  mtrrrr*  aad  smhantur  n>»m.  Mstthrr  wtth  Uw  wiinwlas  sun.  aewsr  as 
BSkMte  A,  B.  ut  C  sf  Tstaaar  IL  Tte  PistmUm  s t  Maw  la  the  (7.S.  Arm?  Dartac  WarM  War  II— 
At  Fnin  Caaal  Ppaitarat 

"  Sir.pl  aa  akmriv  lieatit.  as  Oats  la  IM>  mm  bars  bsea  wp<l"S  frmm  the  Aaaaal 
Ul|  it  MM BuaitaiU  AttlrMn,  AattUrs  tnsanaoal,  IM1U 
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Kicu,  ill  coostnl  levels.  •Iiinimry  through  Mnivh  mv  generally  very  dry.  iiim) 
tlie  full  month*  ii iv  uliiiosl  nhvtiys  wet.  Tills  was  sharply  reflected  in  I  lie 
seasonal  (lislriliiitioii  of  multi riu  iiikI  iimlnriul  mosquitoes.  In  oilier  islands 
of  (lie  group,  periods  of  iui  precipitation  ulterimle  will)  short  |H‘ri<xls  of  local 
showers.  In  Stint  Croix,  ruins  mv  nire.  mill  only  l>y  drilling'  deep  wells  is  it 
possible  to  nluuiii  fresh  wilier  on  iliis  island. 

C'iiIhi  is  l lie  only  islnntl  wiili  n  fertile  eenlrol  |>lnin.  Its  soil  is  derived 
from  Luiimitimi  granite,  like  that  of  the  Ap|>alncliinii  region.  The  rest  of 
I  he  islands  lire  more  or  less  iiHiniilHiiions,  with  rather  narrow  constal  plains. 
Puerto  Him  shows  iiineli  heavy  liodied  clay  and  has  n  great  deal  of  lime  rock 
and  granite  us  well  ns  scattered  schist.  Ah  hough  generally  semi|ieniieuhle, 
its  soil  becomes  highly  ini|ieniieHlile  where  tlie  sodium  or  saline  mill  cut  is 
high. 

Tlie  relatively  |sinsis  soils  of  tlie  mimining  islands  owe  their  character 
largely  to  having  lieeii  derived  fnun  lava.  Tlie  role  of  coral  in  luiilding  these 
islands  has  In-eti  disputed,  Kxce|it  in  tlie  llahaiiias,  I  lie  ini|iortaiicr  of  coral 
is  considered  quest iiaialile.  Salt  marslies  aisl  fresh  water  swunqis  characteriae 
tlie  coastal  arras  and  cmitrilmte  to  mosquito  production,  with  or  without 
malaria. 

Though  ('alia  and  Haiti  are  somewhat  less  congested,  himinii  |-»|HilathNi 
is  generally  denxr  in  tlie  ('arildiean.  Ill  most  islands,  the  average  is  rime  lo 
a  thousand  people  jier  square  mile.  Tlie  Negroes,  who  outnumlirr  tlie  white 
population  perlia|w  .UNI  to  I,  at  least,  in  tlie  |»*l,  hare  temled  to  he  somewhat 
nomadic,  shifting  from  island  to  island  in  small  boats.  This  habit,  added  to 
sucioeronoinir  and  climatic  similarities,  Inis  brought  about  a  distribution  of 
d  ism  se  that  is  quite  uniform  throughout  the  area.  Malaria  ranks  with  tubercu¬ 
losis,  syphilis,  and  enteric  infection  as  diseases  of  greatest  importance.  In 
Haiti,  there  is  a  high  incidence  of  yaws. 

With  tlie  exception  of  ('uba,  the  islands  of  the  Antilles  are  tlie  eroded 
tops  of  mountains  or  mountain  ranges.  Malaria  was  concentrated  chiefly  in 
the  peripheral  coastal  plains  with  inland  indentations  along  stream  terraces. 
Malaria  prevalence  was  greatest  in  Haiti  and  Saint  Lucia,  with  the  Dominican 
Kepuhlie  a  Ham  third.  These  islands,  Saint  Lucia  and  Hispaniola,  were 
aimilar  to  the  three  Onianae  in  this  respect.  In  Puerto  Rico  and  Trinidad, 
the  incidence  wee  somewhat  lower  bat  was  Mill  enfcient  to  make  malaria  a 
leading  caeee  of  death  and  in  all  probability  the  most  common  disabling 
illness.7*  In  all  eight  places  mentioned,  it  was  a  primary  dsterrent  to  econamie 
development.  Of  the  7^4  million  people  living  in  three  countries  or  dependen¬ 
cies,  nearly  0  million  were  concentrated  in  the  more  intensely  nmhtriona 
port  tons. 

Permanent  malaria  control  measures  must  be  extensive  in  scope,  since  two 
of  the  four  common  vectors  (.4.  itfbimtnw*  and  the  .4.  eptnufit-.l.  /erswwmWo- 


•  BmUmm.  J.  II.:  A  LIIiuhIig  «f  CarUtaaa  Malaria  Casual  J.  Hat.  Malaria  Bat.  4:  ISS-SSS, 
■niiaiNir  IMA 


SOUTH  ATLANTIC  AN1>  CARIBBEAN  AREAS 


199 


tut  complex)  breed  in  a  wide  range  of  habitat,  including  temporary  accumula¬ 
tions  and  saline  waters. 

Though  rural  rates  are  generally  higher  than  urban  rates,  the  problem  is 
still  acute  in  many  principal  cities.  Lack  of  planned  control  by  governments, 
long-effective  flight  range  of  certain  vectors,  abundance  of  breeding  places,  and 
general  lack  of  protection  agcinst  adult  mosquitoes  are  contributing  causes. 
Costly  antilarval  measures  are  economically  feasible,  however,  in  urban  areas 
(in  terms  of  per  capita  cost)  whereas,  in  nonurban  districts,  they  cannot  be 
supported. 

Such  was  tike  general  background  against  which  military  malaria  control 
in  the  Caribbean  was  carried  to  a  successful  conclusion. 

Greater  Antilles 

CiW. — In  1943,  Cuba  bad  practically  no  public  health  workers  on  a  full¬ 
time  basis.  This  tended  to  slow  down  any  modem  program  for  liealth  im¬ 
provement,  though  great  strides  had  been  made  in  tlie  early  years  of  the 
century,  and  these  gains  had  not  been  lost. 

Thus,  in  1900,  malaria  was  rampant,  the  mortality  rate  being  254  per 
100,000  population.  A  National  Department  of  Health  wbb  established  in 
1909,  with  a  director  of  cabinet  rank,  and,  by  1013-14,  the  mortality  rate  had 
fallen  to  18.  There  were  several  epidemics  in  1920  and  1934,  and  mild  ones  in 
1916  and  1926.  By  1941,  however,  the  mortality  rate  was  down  to  4  per 
100,000.** 

The  disease  is  endemic  in  all  parts  of  the  island  but  occurs  most  frequently 
in  three  regions:  The  valley  of  the  Rio  Canto  in  the  province  of  Orients,  the 
coestal  regions  of  the  province  of  Pinar  del  Rio,  and  the  coastal  plains  of 
north  Camagfley.  Platmadium  malarime  is  ran.  In  some  regions  P.  tmi 
and  P.  falciparum  are  equally  coaunon.  In  others,  P.  vivmm  predominates. 

Five  specks  of  anopbelines  are  native,  but  A.  albimanut  is  the  only  vector 
of  malaria.  It  is,  however,  the  mot  common  species.  In  and  about  Maris  asm 
(near  Havana),  mosquito  breeding  had  been  controlled  for  come  years  by  the 
combined  efforts  of  the  Health  Department  and  the  Roche  feller  Foundation. 
The  important  DA  hem  wee  located  at  Batista  Field,  Cake. 

Jamaica,  1»WJ»  Jasmine,  the  large*  British  Island  in  the  West  Indies, 
centaine  L*04  eqaaia  asiha,  ef  which  about  646  are  dot,  cenrietiag  at  aRarima, 
marl,  and  swamps.  These  arses  are  chirijr  coastal.  Hhdfa,  plateau  country. 

Public  health  and  medical  aerviees  are  cnmhiasd  ia  cue  department,  of 
three  divisions,  one  ef  which  is  devoted  to  commantcable  disc  see.  Malaria 
control  is  included  among  five  mbdivisione  in  this  division  (1943).*1 

■MiSal  «m  aasMerr  Data  „  Orta.  rri„nl  by  IMM  lartlllenw  Bnurtt,  rmalln 
mart, i  UiUa,  V  JL  Amy.  SO  Mr  IMS. 
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The  disease  is  most  prevalent  in  certain  coastal  areas  but  limy  extend 
inland  up  to  "2/XK)  feet.  The  chief  vivl or  is  .1.  nlhimnniix ,  which  is  found 
more  abundantly  during  September,  October,  and  Novemlier.  Most,  of  the 
cases  of  niulnriu  <K*cnr  ltetween  June  and  January.  Areas  most  productive  of 
the  vector  are  (lie  vicinity  of  Annotto  Bay,  OracuU>ssu  Buy,  Fulinonth,  Saint 
Anns  Buy,  ntul  Montego  liny. 

In  10411,  the  isliind  hud  17,441  reported  cnses  of  niiiliirin,  with  .121  deaths, 
but  very  few  were  confirmed  with  smears.  Malaria  control  followed  modern 
methods  but  was  handicapped  by  lack  of  funds.  Nine  hundred  ('iinadimi 
soldiers  brought  to  North  Kingston,  in  Octolier  1!>4I>.  lists]  1km I  nets  mid  rejiel- 
leuts  hut  slept  in  unscreened  barrncks.  Kiglit  cases  of  miilnrin  occtitTetl  in  this 
group  within  approximately  (5  inontlis.*5 

Tests  have  shown  that  in  Jitntnicn,  if  an  animal  I  hi  it  trap  attmcts  more 
than  live  aUtinuwm <  females  ]»er  night,  a  critienl  foment  ration  exists,  and 
malaria  transmission  may  be  expected.  During  a  It-moiith  |ieriotl,  within 
which  this  index  was  readied.  11  percent  of  the  local  |ieo]de  within  2  miles 
of  n  certain  IJ.S.  military  installation  re)«ort«l  chills  anil  fever,  mid  four 
military  cases  of  malaria  occurred.10  Aerial  spraying  of  DDT  at  biweekly 
intervals  corrected  the  condition.  Screening  of  quarters  mid  pro|ier  malaria 
discipline  were  continued.  It  is  interesting  to  note  that  under  similar  circum¬ 
stances  tlie  critical  .1.  albimanus  index  at  Losev  Field  in  Puerto  Rico  was 
found  to  he  two  rather  than  live;  a  rather  special  case. 

American  troops  were  stationed  chiefly  at  Fort  Simomls,  Jamaica,  B.W.I., 
and  at  Vemani  Field. 

Antimalaria  activity  here,  as  elsewhere,  was  divided  into  temporaiy  and 
permanent  control.  Much  of  the  latter  did  not  get  hryond  tlie  recommendation 
stage.  The  temporary  control  consisted  of  oiling  small  ponds  (if  not  used  by 
cattle  for  drinking  purposes)  and  oilier  accumulations  of  water  in  gullies. 
Paris  green  was  used  chiefly  in  arras  devoted  to  rice  and  cane  cultivation. 
The  supply  of  pans  green,  particularly  in  1943,  was  not  always  adequate. 
Beginning  in  1944,  oil  was  used  only  on  the  post.  All  rxtracantonment  work 
eras  carried  oat  with  parts  green  and  lime  dust.  Chiefly  important  in  the 
good  results  achieved  eras  the  supervision  of  ext  recant  onment  control  work 
by  personnel  of  MCWA  (Malaria  Control  in  War  Areas),  UA  Public  Health 
Service.  This  was  essential  as  three-quarters  of  the  mosquitoes  on  the  poet 
were  probably  produced  outside  the  base,  in  cane  fields  and  rirefielda. 

The  routine  educational  program  at  Fort  Simonds  and  Vemam  Field 
consisted  of  lectures  to  all  members  of  the  command,  together  with  special 
instruction  to  two  members  of  each  unit.  Then  wen  only  two  cases  in  military 
personnel  in  1944,  one  of  which  was  recurrent.  But  in  spite  of  this  success 
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from  a  military  standpoint,  the  island  still  remains  dangerously  malarious. 

According  to  Colonial  Reports,*4  there  was  a  slinrj*  outbreak  of  malaria  in 
the  Bull  Bay  area,  10  miles  east  of  Kingston,  early  in  1D.V).  Daring  the  same 
year,  government  hospitals  and  dispensaries  reported  a  total  of  17,820  cases 
of  malaria.  The  need  for  cooperation  between  the  U.S.  military  and  island 
authorities  would  thus  still  be  very  great  in  tlie  case  of  any  future  operations. 
The  Colonial  Ke|*ort  for  1940  “  gives  4,011  hospital  admissions  with  101  deal  Its, 
with  outpatient  attendances  for  treatment  ltuinbering  14,014. 

Haiti  (Hispaniola). — Although  the  United  States  did  not  maintain  bases 
on  this  island,  a  few  remarks  on  the  malaria  situation  are  in  order.  According 
to  Caldwell’s  report  on  malaria  control  in  the  Dominican  Republic,'*  mnluria 
is  present  everywhere,  increasing  especially  in  the  spring  and  fall,  when  rain¬ 
fall  is  greatest.  Anophelct  albimuniu),  a  versatile  breeder,  is  the  principal 
vector.  The  malaria  work  of  tlie  government  is  assisted  by  the  Institute  of 
Inter-American  Affairs.  Surveys  carried  out  between  1!)41  and  1944  showed 
that  0.8  to  38.0  |*ercent  of  the  imputation  have  parasites  in  their  blood. 
Spleen  rates,  by  communities,  ranged  from  0  to  42.8  percent.  In  1,374  positive 
blood  smears,  the  various  types  of  Ptusmvdium  occurred  as  follows :  /*.  falci¬ 
parum,  72.8  percent;  P.  viva*.  17.2  percent;  P.  malariae,  4.7  percent;  and 
■used,  5.3  percent. 

In  the  Republic  of  Haiti,  recent  surveys  showed  that  86.6  percent  of  all 
malaria]  infections  are  caused  by  P.  viva*.  Mixed  infections  accounted  for 
2.6  percent.  These  included  a  few  triple  infect  ions.  Three  species  of  anophe- 
llnea  an  found,  A.  albimrmut,  A.  grabkami ,  and  A.  ve»titip*nnU."  The  first 
is  present  everywhere. 

The  population  is  almost  entirely  Negro  and  numbers  approximately 
S  million.  No  reliable  vital  statistics  sn  available,  bat  so  far  as  malaria  is 
concerned,  clinical  manifestations  are  usually  conspicuous  only  in  infants. 
The  higher  mountain  valleys  and  the  southwest  slopes,  with  scanty  rainfall, 
appear  to  be  malaria  free. 

Puerto  Kfesv— Puerto  Bico  is  an  island  of  approximately  3^34  square 
Bailee,  with  an  equable  climate  and  a  population  of  mill  ion  persons.  Anapk- 
*!m  sAmmw  is  found  everywhere  except  on  the  central  mountainous 
ridge.  The  possibility  of  eradicating  this  species  has  bean  much  discussed. 
A  marked  reduction  in  breeding  activity  between  January  and  April  could 
perhaps  be  made  the  basis  for  procedare.  A  campaign,  consisting  of  larvicid- 
ing  and  residual  spraying  for  adults,  might  be  started  at  any  point  and  con¬ 
tinued  around  the  island,  with  the  mountains  on  one  flank  and  the  sea  on 
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the  other.  A  test  program  on  the  smaller  island  of  Vieques  has  been 
suggest  ed."" 

Puerto  Rico,  being  an  American  j  possession,  was  very  naturally  the  center 
of  military  organization  and  administration  for  the  Antilles  Department. 
Tlie  Army  had  installations  at  Borinquen  Field,  Camp  Tortuguero,  Fort 
Buchanan,  where  tlie  Antilles  General  Depot  was  located,  Fort  Brooke,  Camp 
O'Reilly,  Looey  Field,  Henry  Barracks,  and  Fort  Bundy,**  togetlier  with  a 
large  number  of  lesser  installations  largely  for  coastal  defense  or  for  anti¬ 
aircraft  protection,  of  which  Camp  Ensenada  Honda  may  l>e  mentioned  as  mi 
example. 

The  problems  of  malaria  control  at  ttiese  several  bases  will  lie  treated 
at  some  length  in  the  sections  which  follow. 


The  Leaser  Antilles  (Leeward  and  Windward  Islands) 

The  Lesser  Antilles  included  tlie  British  Windward  Islands,  tlie  British 
Leeward  Islands,  the  French  West  Indies,  and  the  Netherlands  West  Indies. 

Besides  Trinidad  and  Tobago,  tlie  British  Windward  group  includes 
Barbados,  Grenada,  Saint  Vincent,  Saint  Lucia,  and  Dominica.  Principal 
administrative  units  of  the  British  Leeward  group  are  tlie  British  Virgin 
Islands,  Antigua  (with  Barbuda  and  Redonda),  Montserrat,  and  Saint  Kitts- 
Xevis  (with  Anguilla). 

The  French  West  Indian  islands  consist  of  two  colonies,  Martinique  and 
Guadeloupe,  with  a  number  of  small  islands  governed  as  dependencies  from 
the  latter. 

The  Netherlands  West  Indies  lie  in  two  groups;  Curasao,  Aruba,  and 
Bonaire  lie  off  the  north  coast  of  Venezuela.  The  second  group  is  situated 
to  the  north  of  Saint  Kitts,  in  the  British  Leeward  chain,  and  include  Saint 
Eustatius,  Saba,  and  Saint  Martin. 

In  a  IMS  survey,  Barbados  was  reported  free  from  malaria.  Otherwise, 
the  disease  was  considered  to  he  generally  present  throughout  the  Leaser  An¬ 
tilles,  with  A.  mibimmnu*  and  A.  eynasa lit  serving  as  the  principal  vectors." 
Malaria  is  a  year-round  disease  in  this  part  of  the  world,  though  most  prev¬ 
alent  during  and  after  the  rainy  season.  Blackvrater  fever  has  been  reported 
ia  Martinique  and  Guadeloupe. 

The  Virgin  Islands  ad  the  United  Staten, — The  principal  islands  are 
Saint  Croix,  8aiat  Thomas,  and  Saint  John.  On  the  island  of  Saint  Croix, 
the  population  ia  largely  rural,  except  far  the  two  mml!  municipalities,  Chris¬ 
tian*  eU  sad  Fredsrikated.  On  the  island  of  Saint  Thomas,  the  population 
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centers  briefly  in  the  town  of  Charlotte  Aninlie.  Sniiit  John  is  sparsely 
populated.*1 

Malaria  occurs  usually  in  the  iienign,  tertian  form.  The  vector  is  A.  Al- 
bimanvs  which  is  widely  distributed.  Although  the  U.S.  Virgin  Islands  had 
suffered  epidemic  malaria  in  the  1930‘s,  they  were  free  from  indigenous  malaria 
during  the  war  years.  The  few  eases  among  military  personnel  were  shown 
to  be  imported.  Only  small  numbers  of  .1.  cdbiinanu*  were  found  on  Saint 
Thomas  and  Saint  Croix  during  surveys  conducted  in  1944. 

The  Army  installation  on  Saint  Croix  was  1  Benedict  Field.  Camp  Har¬ 
wood,  on  the  island  of  Saint  Thomas,  was  u  gun  position  at  an  elevation  of 
about  1,000  feet.  It  would  have  been  safe  even  if  a  malaria  problem  lmd  existed 
elsewhere  on  tins  island. 

Antigua. — Because  of  tlie  early  fall  of  France,  U.S.  bases  ami  outposts 
were  located  chiefly  in  British  (and  Netherlands)  territory.  It  is  not  passible 
to  include  detailed  information  concerning  each  of  the  islands  where  troops 
were  stationed.  Antigua,  one  of  the  Leeward  Islands,  and  Saint  Lucia,  one  of 
the  Windward  group,  may  be  cited  as  examples : 

The  British  Island  of  Antigua  has  an  area  of  108  square  miles  and  a  imputa¬ 
tion  of  approximately  35,000.  The  climate  is  drier  than  in  most  of  tlie  West 
Indies,  with  an  average  rainfall  of  only  43  indies.  August  through  October  is 
the  hot,  rainy  season.  Fresh  ground  water  is  soon  mixed  with  the  sea  water 
which  infiltrates  the  substructure.  For  this  reason,  the  island  suffers  from  an 
inadequate  water  supply. 

Both  A.  albtmantu  and  A.  tanimamiatM  (A.  aqtuualit)  are  present. 
Malaria  follows  the  rainfall.  In  1936,  when  precipitation  was  74  inches,  there 
were  8,459  cases  of  malaria,  with  40  deaths.  In  1939,  when  only  33.08  inches 
of  rain  fell,  the  number  of  cases  was  1,173,  the  number  of  deaths,  8.** 

The  areo  on  Parham  Harbour,  utilised  as  a  UJ3.  Army  base  (Coolklge 
Field  and  Antigua  Bam  Command),  was  at  first  believed  to  be  in  a  dangerous 
location.  Winthorpes  Village,  a  Negro  village  of  some  800  inhabitants,  jutted 
into  the  center  of  the  area  on  Parham  Harbour,  from  the  West.  In  his  1941 
■uvey,  Colonel  Fox  recommended  either  that  Winthorpes  Village  be  relocated 
or  that  1743.  forces  be  given  complete  jurisdiction  over  its  sanitation.  Careful 
investigation  by  John  M.  Henderson,  Sanitary  Engineer,  (R),  of  the  IfCWA, 
failed,  however,  to  confirm  Colonel  Fox’s  suspicions.  The  deify  tidal  character 
of  the  greed  mangrove  swamp  nearby  apparently  rendered  its  water  unsuitable 
for  any  significant  breeding  of  A.  •Ibimmmmt. 

Military  communication*  show  very  light  infection  among  troops  for 
1943,  during  which  year  the  total  number  of  cases  was  16.  Six  of  them  were 
primary  and  ten  recurrent,  with  the  probability  that  the  majority  of  the  in- 
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factions  were  contracted  off  the  base,  which  was  rather  constantly  ex|»oscd  to 
westerly  winds.  Main  infective  areas  on  the  island  of  Antiguu  were  Freetown, 
Bethesda,  Liberia,  Old  Uoud,  Urlins,  and  Johnsons  Point.  The  city  of  Saint 
Johns  was  practically  malaria  free,  in  spite  of  a  fairly  high  percentage  of 
vector  anophelines.  The  British  Colonial  Government  health  officer  was  active 
in  1044,  with  engineering  projects  aimed  as  mosquito  reduction.  Military  re¬ 
ports  for  that  year  listed  It)  malaria  cases  of  which  t>  were  primary  and  4 
recurrent  All  these  cases  occurred  during  the  first  1<>  weeks  of  the  year,  tlie 
majority  in  newly  arrived  troops  from  Puerto  Rico. 

Antigua  was  known  to  be  moderately  malarious  lwfore  it  was  used  as  a 
U-S.  base.  British  reports  list  1,450  cases  in  1040  and  474  in  1041.  In  1011, 
there  were  nine  deaths.*9 

Salat  Lada. — The  British  Island  of  Saint  Lucia,  230  miles  north  of 
Trinidad,  has  an  area  of  233  square  miles.  It  lies  approximately  midway  be¬ 
tween  Saint  Vincent  to  the  south  (also  British)  and  the  French  island  of 
Martinique,  which  is  almost  due  north. 

Although  rough  and  mountainous,  the  island  is  very  fertile,  and  all  forms 
of  tropical  agriculture  thrive.  Sugar  and  other  products  are  exported.  The 
narrow  river  valleys  are  subject  to  great  landslides,  with  occasional  economic 
disaster.  Precipitation  exceeds  100  inches  per  annum  in  the  mountainous 
interior,  sometimes  decreasing  to  near  40  at  the  coast 

Floods  are  rare  but  drought  is  unknown.  Tlie  first  4  months  of  tlie  year 
tend  to  be  the  driest 

The  temperature  ranges  between  70°  and  flO°  F..  and  the  northeast  trade 
winds  are  an  almost  constant  influence.  At  Castries,  which  has  an  elevation 
of  approximately  845  feet,  the  wind  direction  is  so  constant  that  a  one-direc¬ 
tional  airstrip  is  sufficient 

Racial ly,  the  population  is  largely  Negro  or  mixed  Negro  and  white.  Small 
numbers  of  East  Indians  are  found,  and  still  fewer  of  European  descent.  Be¬ 
fore  the  onset  of  the  war,  malaria  had  always  constituted  the  main  health 
problem  on  Saint.  Lucia  and  in  mod  years  flood  higlier  than  all  other  reported 
causes  of  death.**  It  doubtless  caned  more  noneffect  iveness  than  all  other 
diawM  combined. 

Hie  U5.  Army  base  at  Vieux  Fort,  likewise  the  Navy  base  at  Gros  Islet, 
were  potentially  unhealthy  spots.  Sixty-five  percent  of  the  nearby  native 
population  showed  malaria  parasites,  a  higher  percentage  than  in  any  other 
parts  of  the  island. 

In  1MQ,  according  to  Britfch  reorta,**  the  recorded  incidence  of  malaria 
Aowed  an  upward  trend.  This  was  due,  it  is  believed,  not  to  greater  prev- 
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alence  of  the  disease,  but  to  iucrensed  attendance  at  dis|>ensaries,  some  of 
which  had  just  been  established.  For  the  year  1040,  11, 320  i>atients  were 
treated  at  dispensaries  and  14G  were  hospitalized;  of  these,  C  died.  Deaths 
attributed  to  malaria  throughout  Saint  Lucia  numbered  101. 

Because  of  this  background,  it  is  rather  remarkable  that  the  Army  con¬ 
struction  camp,  established  in  1941,  enjoyed  almost  complete  freedom  f-om 
malaria.  The  neighboring  town  of  Vieux  Fort  had  a  high  malarial  ,  Ue. 
The  construction  camp,  however,  was  to  windward  of  the  town;  also,  early 
steps  were  taken  to  fill  Vieux  Fort  Swamp.  This  procedure  tended  to  lienefit 
not  only  Vieux  Fort  but  also  tl»e  cantonment  site,  which  lay  to  the  northwest. 
At  top  development,  the  construction  force  numbered  almut  500  continentals 
and  their  dependents,  and  some  3,000  local  laborers.  During  the  first  6 
months  of  operation,  there  were  only  four  cases  of  malaria.  Saint.  Urbain 
Swamp  and  Coconut  Grove  continued  to  breed  mosquitoes,  but  these  were  not 
very  near  the  infected  areas.**  It  was  reported*’  that  the  malaria  rate  at 
Vieux  Fort  dropped  70  percent  over  that  of  previous  years  as  a  result  of  the 
work  of  the  construction  force  at  Beane  Field. 

A  real  scare  was  experienced  in  1042  when  llte  lalioralory  reports  showed 
an  incidence  in  military  units  of  700  per  1,000.  This  proved  to  be  due  to  errors 
on  the  part  of  tlie  technician  who  had  interpreted  artifacts  and  Mood  platelets 
as  malaria  parasites. 

The  British  Government  is  continuing  malaria  control  work  in  tlie  Castries 
District  and  elsewhere." 

Gandalaupa. — The  French  island  of  Guadeloupe  supports  three  species 
of  anophrlines:  .1.  nlbimanu*.  A.  aifMtua/u,  and  A.  argyritani*.’*  Only  A. 
m&Muali*  is  considered  an  important  vector.  It  enters  houses  in  great  numbers, 
especially  in  the  evening,  lie  larvae  occur  in  grassy  pools,  overgrown  irriga¬ 
tion  channels,  rock  pools,  and  flood  savannas,  all  mors  or  lees  brackish. 
Anopkele*  emManvs  Komp  is  considered  a  synonym. 

Trinidad 

This  moat  southerly  island  ul  the  West  Indies  lies  about  10  degrees  north 
of  the  equator.  It  contains  over  2/>00  square  miles.  Tiw  population  is  dose 
to  IMjOOO,  predominantly  Negro.  Them  am  at  least  1U/M0  East  Indiana, 
and  a  considerable  number  of  Chinese.  The  island  is  very  fertile,  and  tha 
natural  resources  are  great. 

The  northern  fourth  of  Trinidad  is  mountainous.  Many  streams  flow 
southward,  through  low,  sometimes  rolling  country.  Coastal  and  inland 
•warn pa  am  numerous.  Trade  winds  serve  to  mitigate  the  heat  somewhat. 
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especially  between  November  and  May.  Precipitation  varies  greatly,  but,  in 
geneml,  the  hotter  and  wetter  season  extends  from  May  to  October,  the  cooler 
and  drier  season  from  November  through  April.  The  annual  rainfall  at  Port 
of  Spain  averages  63.66  inches. 

Malaria  is  the  most  serious  health  problem  in  Trinidad.  Up  to  1941,,M 
there  had  been  no  complete  malaria  survey  of  the  island,  but  it  was  known 
that  nil  types  of  the  disease  were  present,  estivo-nutumnal  being  the  most 
common.  Blackwater  fever  also  occurred  in  sharply  defined  areas. 

Because  of  incomplete  knowledge,  it  was  recommended  that  a  certain 
amount  of  basic  research  be  accomplished  before  large-scnle,  expensive  control 
projects  should  be  launched.  The  Rockefeller  Foundation  assisted  in  these 
investigations. 

Togetlier  with  Tobago  Island,  Trinidad  1  masts  13  sjwcies  of  Anopheles, 
of  which  .1.  (u/uasalis  is  the  most  imjiortant  vector,  with  .1.  hellator  tlie  chief 
transmitter  ill  zones  of  heavy  rainfall.1®1  As  tlescrilied  elsewhere,  .1.  bellator 
breeds  in  wild  hromeliads  which  grow  attached  to  branches  of  the  immortelle 
trees,  high  off  the  ground.  It  should  be  pointed  out  that  before  its  rectorship 
was  conclusively  demonstrated  bv  Rozeboom  and  Laird,1"2  Dr.  Eric  de  Ver- 
teuil 1,1  of  Trinidad,  in  1934,  presented  convincing  epidemiological  evidence 
that  A.  btllator  was  almost  certainly  a  transmitter  of  malaria. 

Anopheles  aqwualis.  which  favors  brackish  water  swamps  is  the  long- 
recognized  vector  along  the  coast.  Both  Anopheles  neomaeulipalpus  and  A. 
alb  it  arsis  are  suspected  of  being  minor  vectors.  Surveys  have  shown  that  A. 
nqwualis  may  migrate  as  much  as  5  miles  inland,  over  rough  country. 

The  main  area  used  by  U.S.  Army  Forces  lay  20  miles  east  of  Port  of 
Spain.  It  included  approximately  22  square  miles  and  sloped  southward  from 
the  foothills.  The  Anny  also  acquired  rights  to  wharfage  in  Port  of  Spain 
harbor,  a  recreation  area  on  Saline  Bay,  and  some  2*4  square  miles  of  savanna 
in  the  west  central  part  of  the  island.  The  Navy  area  was  in  the  extreme  north¬ 
west.  The  principal  U.S.  Army  base  was  Fort  Read,  Trinidad,  B.W.I.,  includ¬ 
ing  Waller  Field.  (At  times  there  was  autonomous  control  of  the  Waller 
Field  area  by  the  Air  Corps.)  The  Antilles  General  Depot  and  the  Trinidad 
Subdepot  were  also  located  at  Fort  Bead. 

Bromeli.td  malaria  still  continues  to  be  serious  in  Trinidad.1**  On  the 
cacao  plantations,  immortelle  trees  are  planted  at  rather  wide  intervals  to  give 
desirable  shade.  In  the  dry  season,  these  trees  lose  their  leaves.  The  situation 
results  in  more  light  and  less  humidity  than  prevails  in  the  natural  forest,  so 
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that  A.  beJlator  breeds  at  lower  levels  and  thus  lias  easy  and  frequent  contact 
with  plantation  workers.  Although  Anophefo*  breeds  in  22  species  of  the 
30  bromeliads  found  on  immortelle  trees,  only  one  species,  (rravisia  aguUega 
(which  is  second  in  abundance),  is  of  outstanding  importance.  Surveys 
showed  that  this  species  contained  five  times  as  many  larvae  per  tree  as  any 
other  of  10  species  studied.  Whereas  this  might  seem  to  facilitate  control, 
unless  workmen  are  well  skilled  in  discriminating  among  the  species  of  brome- 
liads,  much  labor  can  be  wasted  on  the  spraying  or  removal  of  relatively  harm¬ 
less  forms.  Wittmackin  lingulata  and  IJohenbergia  uteHata  are  usually  in¬ 
cluded  in  eradication  programs  because  of  the  close  resemblance  of  the  three 
species. 

Because  immortelle  trees  are  dangerous  to  climb,  es]iecially  after  a  rain, 
the  use  of  phytotoxic  sprays  has  become  standard  procedure,  copper  sulfate 
being  the  most  satisfactory  to  date.  Furthermore,  hand  removal  is  more  ex¬ 
pensive,  even  with  cheap  labor.  Also,  spraying  accomplishes  far  more  rapid 
results.  It  does  not  harm  the  immortelle  trees,  or  the  cacaos.  One  thorough 
treatment  of  an  area  is  believed  to  be  sufficient  for  5  years.  From  a  long-range 
standpoint,  the  replacement  of  the  immortelle  trees  with  windbreak  plantings 
of  other  species  would  be  a  most  desirable  procedure  for  discouraging  the 
breeding  of  A.  brllator.  At  present,  this  anopheline  is  scarce  in  all  jmrts  of 
Trinidad,  which  has  a  low  rainfall.  The  highest  spleen  rates  are  found  in 
the  north-central  part  of  the  island,  where  the  annual  rainfall  ia  between  91 
and  110  inches,  and  A.  btllator  the  principal,  if  not  the  only  vector  species. 
Both  A.  aguasalU  and  A.  ncomacvlipalpM*  occur  within  the  region  and  should 
be  viewed  with  suspicion. 

South  American  Mainland 

The  jurisdiction  of  the  Caribbean  Defense  Command  included  Venezuela 
and  the  Quianas.  The  various  bases  in  Brazil  pertained  to  the  South  Atlantic 
Command. 

Veaesusla. — Venezuela  has  been  thoroughly  studied  and  reported  on. 
The  area  of  tha  country  ia  912^)60  square  kilometers,  on  which  live  a  little  less 
than  4  million  people.  The  population  is  described  ss  90  percent  white,  8 
percent  Negro,  7  percent  Indian,  and  65  percent  of  mixed  blood. 

The  coastal  plain,  backed  by  a  range  of  mountains,  is  called  the  Costa- 
Cordillera.  Here,  77  percent  of  the  population  live  on  18  percent  of  the  total 
land  ana.  Sooth,  from  the  Costa -Cordillera,  extends  the  Llanos.  This  re¬ 
gion,  bounded  on  the  sooth  by  the  Rio  Orinoco,  contains  98  percent  of  the  lmd 
ana  and  supports  20  percent  of  the  population.  South  of  the  Rio  Orinoco 
lies  the  Guayana,  with  46  percent  of  the  land  area,  but  with  only  3  percent  of 
the  population. 

The  rainfall  of  Venezuela  ranges  rather  uniformly  from  an  average  of  39 
inches  in  the  north  to  an  average  of  79  incites  in  the  south.  The  wet  Beeson 
occurs  near  the  middle  of  the  year. 
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The  most  malarious  region  is  the  Llanos,  which  contains  many  rivers  sub¬ 
ject  to  flooding,  mid  numerous  pools,  jioiids,  and  htgoons.  Although  the 
Guayana  also  has  many  rivers,  many  of  them  contain  water  of  such  high  acidity 
( low  pH )  that  .1.  darling!  is  prevented  from  breeding  in  them. 

All  three  species  of  Plasmodium  occur.  In  ]iersons  under  5  years  of  age, 
P.  vivax  is  found  more  often  than  P.  falcijmrum.  Above  this  nge  group,  the 
relation  is  reversed.  Infections  with  P.  malariat  are  relatively  few.  The  an¬ 
nual  malaria  death  rates  exhibit  a  5-year  cycle.  Since  15)20,  these  have  been 
more  favorable,  due  to  the  general  improvement  in  standards  of  living  in  the 
Llanos  urea.  Since  1045,  there  has  been  general  house  spraying  with  DDT  in 
all  areas  accessible  by  car.14* 

Of  the  20  species  of  Anopheles  found  in  Venezuela,  only  A.  alhimanus  and 
.I.  darlingi  are  considered  important  vectors,  with  A.  pseudopuncti pennis  of 
secondary  importance  in  the  mountains.  Anopheles  darling i  transmits  malaria 
in  all  three  cones,  but  A.  alhimanus  is  a  vector  only  in  the  Costa-Cordillera. 
It  is  less  anthropophilic  than  .1.  darlingi. 

Entomologists  believe  that  A.  alhimanus  was  introduced  by  shipping,  from 
Central  America.14*  Another  po&sible  vector  is  A.  triannulatus  which  has  been 
found  naturally  infected  with  oocysts.1*1 

Altitude  strongly  limits  distribution.1**  Thus  A.  aquasalis,  by  its  prefer- 
ence  for  brackish  waters,  is  limited  to  coastal  levels.  By  contrast,  A.  alhimanus 
ranges  up  to  1,725  feet,  A.  darlingi  to  2,975  feet,  and  A.  pseudopunetipennis 
to  3£80.  There  is  considerable  adaptability  in  regard  to  rainfall.  One 
locality  with  an  annual  mean  precipitation  of  17  indies  supports  A.  alhimanus, 
A.  pseudopunetipennis,  and  A.  punctimacula.  Yet  both  A.  alhimanus  and  A. 
punctimacula  have  been  found  associated  with  A.  darlingi  in  an  area  with  an 
average  annual  rainfall  of  106  inches. 

In  Venesuela,  the  growing  of  rice  creates  a  special  problem  in  malaria  con¬ 
trol.  Both  A.  alhimanus  and  A.  pseudopunetipennis  breed  freely  in  the  flooded 
fields.1**  The  former  is  the  chief  and  proved  vector.  La  Veetoria  suffered  a 
severe  outbreak  in  1943,  and  Cagua  a  similar  outbreak  in  1944.  In  the  first,  no 
breeding  of  A.  alhimanus  could  be  discovered  outside  of  the  ricefields;  in  the 
second,  only  1  percent  of  the  collected  larvae  were  taken  from  other  situations. 
Shortage  of  better  larvicidee  reduced  control  measures  to  sawdust  and  kerosene, 
which  did  not  prove  mtitifactory.  Legislation  was  eventually  passed  which  for¬ 
bade  cultivation  of  rice  by  artificial  irrigation  near  towns,  except  under  permit 
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from  tlie  Division  of  Mnlariology.  Such  jiennit.s  m|iiired  pricier  leveling  of 
tlie  land  and  s|as'iKe<l  lliat  each  4  days  of  flooding  lie  followed  by  4  days  of 
draining  and  that  lnrvicides  must  also  be  used.  Permits  were  not  isasned  for 
land  tliat  could  not  be  dried  out  in  4  days. 

British  Guiana  (Demerara)  . — This  colony  extends  iilanit  500  miles  from 
uortli  to  south  with  an  average  width  of  perhaps  200  miles.  The  popnlat  ion  is 
com|Mirativelr  small  and  is  found  in  the  rather  iinrrow  coastal  plain,  which  is 
very  fertile.  That  portion  which  is  lieloxv  high  tide  is  protected  by  senwalls. 
Sugarcane  and  rice  culture  prevail.  The  intermediate  zone,  which  extends 
southward,  produces  diamonds,  gold,  and  bauxite.  Great  masses  of  highland 
lie  in  tlie  western  and  southern  parts.  There  are  many  waterfalls. 

A  very  high  relative  humidity  renders  tlie  jungle  areas  oppressive,  ImiI  a 
sea  breeze  makes  the  vicinity  of  Georgetown  more  tolerable. 

Tlie  coastal  population  is  a  mixture  of  Negroes,  (’hinese,  Portuguese,  and 
East  Indians. 

Malaria  in  British  Guiana  has  always  been  severe.110  Deaths  from  malaria 
in  1046  stood  at  approximately  2  per  1 ,1 M N )  per  annnin.  Tlie  disease  milked 
second  as  a  reported  cause  of  death  in  1030,  following  pneumonia:  but,  if  un¬ 
defined  fevers  are  taken  into  account,  it  probably  ileserved  first,  place.  In  1041, 
it  was  so  reported.  All  forms  of  the  Platmodium  are  present.  Blackwater 
fever  occurred  more  frequently  than  in  any  otlier  Atlantic  base  used  by  the 
Armed  Forces. 

Anophelea  darHngi,A.  albitunis,  and  A.  aquamlis  are  all  involved,  with  .1. 
darling  i  the  leading  vector. 

The  control  problem  is  complicated  because  there  are  two  dry  seasons  and 
two  wet  seasons,  with  not  much  time  between  for  a  definite  malaria  program. 
British  reports  for  1941  speak  of  malaria  being  “greatly  decreased*’  because 
of  abnormal  and  prolonged  drought.  Nevertheless,  government  agencies  lion 
pita  I  iced  1,356  cases  (77  deaths),  and  4,359  outpatient  cases  were  handled. 
In  the  Colony  as  a  whole,  288  deaths  were  registered  as  due  to  malaria  in 

mi.*" 

The  site  selected  for  the  U5.  military  base  was  a  sandy  elevation,  22  miles 
■oath  of  the  city  of  Georgetown  on  the  east  bank  of  the  Demerara  River  be¬ 
tween  the  moat  ha  of  two  tributaries,  the  Ifadewini  River  and  the  Hsuraruni 
River.  It  was  necessary  to  ranove  a  rambling,  native  village  (Hyde  Park), 
which  lay  on  low  ground  along  the  Demerara,  and  resettle  the  inhabitants 
outside  the  ana.  It  became  the  policy  to  keep  native  habitations  away  from 
the  windward  side  of  camp.11* 


“  State,  R.  H.,  aaS  GlfUell,  G. :  OAirrrattaaa  ea  Unfit*  eat  Malaria  Caatral  la  the  CarUtia* 
Area.  Part  II.  Britts*  Galas*.  Mssfita  Kewi  T :  Tl-Ta,  1*47. 

m  Kestrel  and  Baaltarr  Btrtrta  Treat  Mtteb  Celeste*.  Prater taralea  tm4  PtreaSaaetea  far  tfc* 
Years  IMB-IM1.  Britts*  GaUaa.  IM1.  Tree.  Dt*.  Ball.  41  (Saept.) :  MS-717,  IS4A. 

HIMM  em4  Saattarr  Data  *a  BrUlafe  Gates*.  ftapllH  *r  tba  MrAltal  IaMllseare  Itraarh. 
Prseeatte*  Madklaa  Deflate*.  0<k*  *1  The  Sarfeaa  OsasraL  D  l.  Anar.  1*  M  t**J. 
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The  expected  vector,  A.  darling /,  whs  not  recorded  nbout  tlie  site  of  the 
U.S.  base  in  1941,  but  A.  aquasalu  was.  This  sjrecies  bred  ill  t lie  tidal  swam|is 
along  the  Demerara  River.  Such  swantjis  were  present  all  along  tlie  water¬ 
front,  and  breeding  also  took  place  iu  borrow  pits,  along  tlie  mnd.  However, 
a  drainage  and  tilling  program  was  launched  to  eliminate  breeding  places, 
and  only  about  20  cases  of  malaria  occurred  among  construction  forces  during 
the  first  9  months  of  ojieration.  There  was  one  death,  in  .Inly  11*41. 

At  the  labor  camp  at  Hyde  Park,  an  attempt  was  made  to  segregate 
chronic  malaria  carriers  from  uonimmunes.  At  first,  these  were  housed  three- 
quarters  of  a  mile  from  the  construction  camp.  Tatter,  they  were  moved  to 
the  boundaries  of  tlie  base. 

Throughout  the  next  .1  years,  malaria  control  work  was  cont iiiued,  with 
emphasis  on  maintenance  of  established  ditches  and  oiling  of  various  swam]*. 
In  December  1944,  at  the  request  of  the  surgeon  of  tlie  Caribbean  Defense 
Command,  tlie  392d  Medical  Composite  Unit  of  Trinidad  made  mosquito 
and  parasite  surreys  with  reference  to  the  detection  of  both  malaria  and 
filariasis. 

The  incidence  of  malaria  at  Atkinson  Field  nevrr  reached  higher  than 
30  per  1,000  per  annum  for  any  month  of  1944,  ami  during  the  last  quarter, 
no  case  of  primary  malaria  was  reported.  Tlie  majority  of  all  1944  eases  were 
contracted  off  the  base. 

Surinam  (Dutch  Guiana).— The  low  coastal  belt  is  patterned  with  tor¬ 
tuous  rivers,  influenced  by  tides.  South  of  this  is  a  triangular  area  of  savanna 
country,  with  the  broad  base  lying  west.  Still  further  south  are  highlands, 
with  mountain  peaks  rising  to  above  3,000  feet. 

Four  seasons  are  recognised :  The  long  rainy  season  from  April  through 
July;  the  long  dry  season  from  August  through  November;  the  short  rainy 
season  covering  December  and  January;  ami  the  short  dry  season  during 
February  and  March. 

IT  it.  military  interest  was  much  concerned  with  the  production  and  trans¬ 
portation  of  aluminum.  The  mines  at  Moengo  and  Paranam,  the  airport  at 
Zanderij,  and  the  port  city,  Paramaribo,  which  is  also  the  capital,  represented 
areas  in  which  health  problems  might  be  important. 

Colonel  Fox  considered  health  conditions  better  in  Surinam  than  m 
French  or  British  Guiana,  due,  in  his  opinion,  to  more  effective  adminis¬ 
tration."*  Population  patten  is  scarcely  en  explanation,  as  Surinam  has 
all  the  racial  elements  of  the  other  colonics  in  addition  to  many  Jsvsnsm, 
who  constitute  over  20  percent  of  the  whole.  The  climate  is  no  more  salutary. 

Malaria  is  endemic  throughout  Surinam,  though  not  uniformly.  In  gen¬ 
eral,  the  malaria  curve  follows  the  rainfall  curve. 

Morbidity  charts  show  a  decided  peak  after  the  beginning  of  the  long 
rainy  season  (May  15  to  August  15)  snd  a  leaser  peak  about  the  end  of  the 


***  Retort,  Lt  OaL  bw  A.  hi,  SC,  U  S.  Anajr,  wl>rt !  Sanitary  Sarrejr  *r  DMrfc  Qalaaa 
rtaaat.  S-14  Sat*.  1*41. 
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short  wet  season  November  15  to  February  15.  Cyclic  outbreaks  of  epidemic 
{import  ions  a  Iso  omi  r. 

Wolff11*  considers  that  the  movements  of  populations  seeking  employ¬ 
ment  during  the  years  of  economic  crisis  (1932  and  1933)  served  to  distribute 
malaria  more  widely  in  Surinam. 

In  some  areas,  infection  is  perhaps  universal,  witli  a  partial  immunity 
tolerance.  Disease,  under  such  conditions,  may  be  thought  of  as  n  “lapse  from 
immunity.”  General  Fox,  in  palpating  the  abdomens  of  47  children  estimated 
to  be  in  the  age  group  “6  months  to  3  years”  found  only  one  enlarged  spleen, 
but  this  is  certainly  not  typical,  since  Wolff  re|iorts  spleen  rati*  among  tribal 
populations  as  ranging  from  20  to  ltMl  jienviit.  Tin*  currier  rate  among  bush 
Negroes  is  believed  to  be  100  percent. 

Wolff  discriminates  between  the  coastal  region,  in  which  malaria  is 
moderately  endemic,  and  tlie  interior,  wltere  the  endeinicity  is  high.  In  tlie 
interior,  the  estivo-antumnal  type  nredominates. 

The  anopheline  fauna  of  Surinam  is  rich  in  species.  Aceording  to  ran 
tier  Kuyp,111  collections  made  in  1944!  included  A.  darlingi  Root,  Anopht’e* 
darling  i  var.  pauiistensi*  Galvao,  I ante  and  Coma,  .1.  npWs  Curry, 
Anopktlet  otmddoi  Peryaasu  Anophdet  triannulatn*  daviti  Paterson  and 
Shannon,  and  A.  nunct-torari  present  in  Surinam.  (The  variety  A.  darling! 
paulistentis  is  not  considered  distinct  by  all  entomologists.)  AnopArle* 
«|s«w>tr,  A.  btUator,  A.  darling  i,  and  A.  albiiartu  are  among  the  potential 
rectors,  with  A.  darling »  moat  dangerous  in  the  interior,  and  A.  ng* audit  the 
priiicipal  offender  on  the  coast. 

Before  the  war,  mosquito  control  measures  were  limited,  though  the  com¬ 
panies  operating  tha  bauxite  mines  made  serious  effort  in  the  immediate 
vicinity  of  their  activities11* 

Frith  (Mut, — As  in  Surinam,  malaria  is  widespread.11'  It  is  espe¬ 
cially  common  in  tha  penal  colonies  and  mining  camps.  East  Indiana  ate 
fnjqnswt  sufferers,  but  the  bosh  Negroes  enjoy  relative  immunity  and  ara 
rather  refractory  to  clinical  attacks.  In  1935,  blood  ameArs  examined  at  the 
Institute  of  Public  Health  in  Cayenne  showed  78  percent  P.  fahipmram,  99 
percent  P.  riven,  I  percent  P.  malaria*,  and  8  percent  mixed  infections. 

According  to  Floch,11*  P.  falciparum  malaria  is  now  c  my  where  mote 
prevalent  than  P.  riven.  This  is  ie  marked  contrast  to  tha  findings  of  Ifareal 
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I^gipr  **•  in  1917,  wlten  68  percent  of  all  infections  were  reported  to  be  due  to 
P.  vivas  and  only  28  percent  to  P.  falciparum.  Present  figures,  represent  iug 
blood  examinations  over  an  8-year  period,  give  P.  falciparum  HI  percent,  P. 
viva*  17  percent,  and  P.  malaria*  1.5  percent.  Kit  tier  Ix-ger's  data  were  not 
representative  or  the  various  population  movements  of  subsequent  years  have 
substantially  altered  the  endemic  reservoir.  Epidemic  manifestations,  it 
should  be  pointed  out, occur  in  the  dry  season. 

Of  the  principal  vectors,  according  to  Floclt,  .!.  darlingi  constitutes  81 
percent  of  the  mosquitoes  taken  in  houses,  while  .1.  aqumalis  makes  up  46 
percent  of  those  captured  outside.  Auophelc*  darlingi  is  a  fresh  water  breeder, 
while  A.  aqvasalu  is  found  in  brackish  situations. 

In  1943,  the  city  of  Cayenne  was  reported  to  lie  fairly  free  of  anoplieliues, 
partly  because  of  drainage  projects  but  also  Iwa-anse  of  favorable  winds. 

Development  of  Control  in  the  Antilles  Department 
General  information 

For  the  Antilles  Department  as  a  whole,  malaria  was  at  first  one  of  the 
greatest  causes  of  noneffectiveness.  By  1945,  it  ranked  among  less  important 
categories.”*  This  was  due,  of  course,  to  continuous  and  close  attention  to 
all  aspects  of  the  control  program.  At  any  time,  all  gains  could  easily  have 
been  erased  if  preventive  measures  had  been  relaxed.  Throughout  the  war,  in 
the  same  overall  area,  morbidity  and  mortality  rates  in  civilian  populations 
continued  high. 

Civilian  reports  for  the  year  1941  show  that  malaria  was  a  problem  in 
various  Caribbean  locations.  In  Dominica,  4,579  cases  were  reported,  with 
66  deaths.*"  In  Saint  Vincent,  malaria  accounted  for  660  rases,  with  2 
deaths  m  In  Turk*  and  Caicos  Islands,  there  wae  an  epidemic.1"  In  Mont¬ 
serrat,  asa laris  waa  on  the  increase,  and  a  serious  outbreak  occurred  in  the 
windward  area  near  the  Farm  Hirer.  Thirty  deaths  front  malaria  occurred 
in  the  Island  that  year.”*  Malaria  was  mild  in  the  Virgin  Islands  (Great 
Britain)  with  only  9  inpatients  and  416  outpatients  reported.”*  The  ptevioue 
year  Grenada  had  aaffered  aa  epidemic,  with  10^383  eases  and  97  death*,  in 

sigh*  districts.”* 
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In  Trinidad  and  Tobago,  malaria  continued  to  occupy  first  place  among 
diseases  responsible  for  civilian  ill  health  and  disability.127  The  number  of 
coses  actually  reported  in  1941  was  15,385,  but  as  the  disease  was  not  notifiable, 
this  was  only  an  indication  of  the  much  greater  number  of  people  who  pre¬ 
sumably  were  ill.  Deaths  for  that  year  numbered  484  as  compared  with  431 
in  the  previous  year. 

Reports  for  1942  were  encouraging  or  ominous,  according  to  locality. 
For  the  Puerto  Rican  Sector,  general  health  was  considered  good  exce|>t  for 
high  venereal  and  malarial  rates.  The  latter  incided  at  the  rate  of  73  per 
1,000  Army  personnel  per  annum  in  April  1942.  This  represented  a  marked 
increase  over  that  of  the  same  month  of  the  previous  year.  This  was  believed 
due  to  unseasonal  rains,  to  increase  in  tlie  number  of  native  troops,  many  of 
whom  were  already  infected,  and  to  increased  dispersion  of  troops.  Although 
mosquito  netting  was  available  in  satisfactory  amounts,  wire  screening  was 
scarce.  Troops  not  on  posts  were  given  quinine  as  a  prophylactic  measure. 
This  is  of  interest,  since  quinine  soon  became  too  scarce  for  even  therapeutic 
use,  except  in  special  cases. 

Only  two  military  cases  of  malaria  were  reported  in  May  1942  from  An¬ 
tigua,  though  civilian  malarial  rates  were  high.  No  drug  prophylaxis  was 
used  there. 

Malaria  was  reported  as  unknown  in  Aruba  with  but  few  cases  in  Curacao, 
all  contracted  before  arrival. 

High  malarial  rates,  aa  expected,  were  reported  Iran  Trinidad,  when 
aleeping  under  nets  waa  made  mandatory.  Troops  on  jungle  duty,  away  from 
poets,  wen  given  malaria  prophylaxis.  Antimalaria  sanitation  in  Trinidad 
was  the  responsibility  of  the  district  engineer. 

Before  September  194#  and  to  some  extent  thereafter,  mosquito  control 
waa  handicapped  by  lack  of  a  regular  supply  of  insect  sprays  and  larvicidal 
oiL  All  matallatinaa  were  screwed,  and  the  screening  inspected  and  repaired 
weekly.  Temporary  repair*  with  netting,  cloth,  rags,  or  hunker  were  fre¬ 
quently  noceeaary  until  replacement  screening  became  available.  Bed  sets 
were  ismed,  and  periodic  inspection  employed  to  insure  proper  use  and  repair. 
Moat  of  the  cases  ef  malaria  occurred  among  ponoonol  serving  a*  sight  guards. 
Although  head  nets  and  gloves  were  issued,  enforcement  of  their  use  proved 
default  or  iaqiouulil*.  At  this  time,  repclieuta  were  not  available. 

Up  to  the  year  IMS,  conditions  in  Puerto  Rico  gave  the  Antilles  Depart¬ 
ment  eonmdsrahla  concern.  The  background  was  not  encouraging.  The 
disease  wm  known  to  kill  approximately  2/100  inhabitants  on  the  average  per 
year.  Ths  Insular  Health  Departmut  reconk  for  1940  showed  28,738  cases 
in  1940  with  1,817  deaths.  For  1941,  the  figures  were  23,484  cases  and  2389 
deaths.  This  represented  rates  of  1,228.7  and  194.6  per  100/MO.  For  1942,  the 
rates  were  1,099.8  and  99.4,  respectively. 
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Malaria  ranked  as  one  of  the  chief  causes  of  disability  among  Armed 
Forces  in  the  island  in  1042,  but  ns  n  minor  cause  in  1043,  n  tribute  to  the  fidelity 
with  which  the  military  authorities  had  applied  whatever  control  measures 
were  available. 

The  Insular  Health  Department,  of  course,  did  its  share,  but  with  limited 
funds.  In  their  program,  emphasis  was  placed  largely  on  treatment  of  patients 
to  reduce  mortality  and  to  eliminate  foci  of  infection. 

An  important  phase  of  tlie  Army's  control  program  was  the  continual 
survey  of  anopheline  densities.  Gratifying  reductions  were  noted  as  a  result 
of  liotli  temporary  and  permanent  control  measures  nt  (nnd  near)  Camp 
O’Reilly,  Fort  Buchanan,  P.R.,  Camp  Tortuguero,  and  Loscy  Field.  Studies 
of  anopheline  breeding  areas  and  field  surveys  to  obtain  epidemiological  data 
were  carried  out  during  1B43  at  three  otlter  installations  on  Puerto  Rico,  also 
at  Benedict  Field,  Saint  Croix,  and  Fort  Simon  da. 

A  new  type  of  malaria  report  card  whs  introduced  in  January  1043, 
greatly  facilitating  tlie  assembling  and  analysis  of  data.  Classification  of 
primary  and  recurrent  cases  was  made  relatively  easy,  in  accordance  with  the 
following  pattern: 

1.  Camp.  Individuals  wlio  did  not  leave  tlieir  home  station  during  the  30 
days  before  illness. 

2.  Camp  and  pa»».  Individuals  who  were  out  of  camp  on  overnight  pass 
from  8  to  30  days  before  illness. 

3.  Camp  and  different  night  elation.  Individuals  who  left  camp  to  as¬ 
sume  duty  at  a  different  station  daring  night  hours. 

4.  Manevvert.  Individuals  who  participated  in  field  maneuvers  from  8 
to  30  days  before  illness. 

5.  Civilian  life.  Individuals  who  entered  the  Army  8  to  30  days  before 
illness. 

Cases  of  virtue  malaria  were  considered  relapses  if  there  was  a  history  of 
previous  malaria  within  12  months.  With  falciparum  malaria,  8  months  was 
the  limit  used. 

If  a  change  of  station  occurred  within  7  days  before  the  onset  of  illness, 
the  case  was  considered  as  of  the  old  station.  When  changes  occurred  from  8 
to  30  days  before  onset,  the  ease  wes  attributed  to  the  station  where  the  greater 
portion  of  the  timehad  been  spent. 

Such  a  careful  analysis  made  it  possible  to  be  much  fairer  in  evaluating 
the  effectiveness  of  antimalaria  programs  at  various  poets.  For  example,  in 
earlier  reports,  many  cases  were  attributed  to  Henry  Barracks,  simply  bees  ore 
they  were  diagnosed  there.  Of  the  34  eases  hospitalised  at  Heniy  Barracks 
during  the  first  6  months  of  IMS,  32  proved  to  have  been  contracted  off  the  poet. 
This  was  in  harmony  with  anopheline  catches,  which  had  been  low  for  some 
time 

Sanitary  Corps  aAcere  were  generally  assigned  as  post  malaria  control 
others.  Where  extensive  control  projects  were  undertaken,  two  Medical 
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Department  enlisted  men  with  special  qualifications  were  assigned  to  each 
station  hospital  for  malaria  control  duty.  Antimalarin  housekeeping  measures 
were  their  chief  responsibility. 

During  November  and  December  IMS,  data  on  mosquito  densities  and 
mosquitoproofing  standards  were  systematically  collected  at  many  posts.  To 
determine  the  “intra-cantonment  adult  mosquito  index,”  mosquitoes  were 
collected  each  week  from  a  representative  number  of  occupied  buildings  and 
classified  as  to  anopheline  and  nonanopheline.  To  determine  the  “mosquito- 
proofing  index,”  a  representative  number  of  buildings  were  visited,  anil  defects 
were  recorded.  This  stimulated  both  interest  and  action.  In  many  cases,  a 
reduct  ion  of  the  mosquito  index  to  zero  was  attained. 

The  year  1944  was  fortunate  from  the  malaria  standpoint.1*"  Tlte  inci¬ 
dence  of  the  disease  was  low,  not  only  among  Army  personnel,  but  also  among 
natives  in  unsanitated  areas.  The  dry  season,  combined  with  a  natural,  cyclical 
low  point  for  the  region,  supplemented  the  effects  of  a  well-developed  anti¬ 
malaria  program. 

In  the  Puerto  Rican  Sector,  tlie  attack  rate  for  January  1944  was  13  as 
compared  with  63  for  January  1943  aud  142  for  January  1942.  For  February 
1944,  the  ratio  was  6:48: 104;  for  March  6:25:99;  and  for  April  4:7:73. 

Improvement  in  the  Trinidad  Sector  was  less  striking,  but  in  general 
parallel ;  the  attack  rate  for  January  1944  was  53.6  as  compared  with  51  for 
January  19*3  and  69  for  January  1942.  For  February  1944,  tlie  ratio  was 
22:53.1:57;  for  March  27:66:74;  for  April  20:35:49.  It  should  be  pointed 
out,  of  course,  that  in  Trinidad  the  peak  of  the  malaria  season  occurs  in  late 
summer.  Thus,  the  attack  rate  in  August  for  1942  was  roughly  105  per  1/100 
per  annum.  In  August  1043,  this  had  been  reduced  to  approximately  66.  In 
the  Panama  Cannl  Department,  the  atteck  rate  for  January  1944  was  22.6;  for 
February,  19.4;  <or  March,  8.3;  for  April,  6.2.  Them  figure*  include  both 
primary  and  recurrent  malaria  (table  24) . 

By  1945,  the  problem  became  one  of  maintaining  the  prevent  ire  measures 
which  had  brought  about  the  gratifyingly  low  rate  then  prevailing  among 
military  personnel.  High  morbidity  and  mortality  rates  were  still  character¬ 
istic  of  civilian  populations  in  the  Antilles  Department. 

Costs  were  decreasing,  as  emphasis  was  then  on  maintenance  of  drainage 
ditches  rather  than  on  their  construction. 

The  larricide  principally  used  was  an  emulsion  composed  of  3  parts  water 
to  1  part  diesel  or  fuel  oil,  with  DDT added  to  the  oil  ingredient. 

Both  larriciding  and  spray  killing  of  adults  were  then  being  handled  by 
plane,  the  large  capacity  C-47  being  found  most  practical.  Much  hand  larri¬ 
ciding  could  thus  be  eliminated,  and  hitherto  impenetrable  areas  covered. 
Residual  effects  lasted  up  to  6  weeks. 

Spraying  of  barracks  snd  civilian  lames  with  DDT  st  bimonthly  intervals 
had  become  established  practice. 

ataskl  manal  MiSal  Orta.  OHUin  IWiw  Cm— ArtU  1M4. 
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Individual  control  measures  assumed  renewed  ini]H>rtunee  on  posts  where 
strengths  were  being  cut,  and  environmental  control  measures  were  becoming 
no  longer  feasible  from  un  economic  Ntamlpoint.  A  continuing  educational 
program  was  therefore  necessary. 

Administration 

On  4  December  1942,  a  De|Mirtinent  mnlnria  control  officer  was  uppoiuted 
by  the  commanding  general  to  function  under  the  Department  surgeon.  His 
duties  were  to  coordinate  all  malaria  control  activities  at  Army  posts  and  to 
collalmrate  with  agencies  in  charge  of  extmrantonment  malaria  control  pro¬ 
grams.  This  officer  traveled  extensively,  iniqiectmg  projects  and  advising  post 
engineers,  post  surgeons,  and  commanding  officers. 

The  advisory  function  was  broadened  before  the  end  of  tlie  year  by  tlie 
establishment  of  a  Department  malaria  control  Imard.  consisting  of  the  De|iart- 
n rent  malaria  control  officer,  a  representative  o*  the  Uis.  Public  Health  Service, 
and  a  representative  of  the  District  Kngineer'B  Office.  Post  commanders  made 
full  use  of  the  services  of  this  board  and  thu‘  insured  that  their  plans  and 
projects  were  in  accord  with  the  liest  malar:*  control  principles. 

The  U.S.  Public  Health  Service,  of  course,  did  not  operate  extracanton- 
ment  projects  in  connection  with  every  post.  For  other  poets,  it  was  arranged 
that  the  District  engineer  should  be  responsible  in  carrying  out  extracanton- 
■sent  projects  formulated  by  the  respective  poet  commanders.  The  advice  and 
assistance  of  the  Department  malaria  control  board  was  available  at  all  times. 
Thus,  each  poet  was  assured  the  proper  combination  of  intracantonment  and 
extrarantonment  control  work  to  meet  its  particular  needs. 

Medical  Department  officers  who  held  the  title  of  “Malaria  Control  Officer” 
in  the  Office  of  the  Surgeon,  Antilles  Department,  included : 

Maj.  Louis  Gonxaleo,  MC,  1ft  December  IMS  to  96  May  1M4. 

Capt.  Rafael  Rodrigueo-Molina,  MC,  96  May  1944  to  93  June  1M4. 

Maj.  Leonard  B.  Dwonky,  SnC,  93  June  1944  to  1  November  1944. 

Capt.  Francis  B.  Frost,  SnC,  1  November  1944  to  18  January  1946. 

r acini  JUmr  Sector 

ABhaugfc  tha  division  of  the  Antilles  Department  into  two  Sectors  was  not 
enwtiwued  to  tha  and  of  the  war,  it  will  be  convenient  to  present  the  essential 
material  in  this  manner. 

Li  1943,  tha  Puerto  Rican  Sector  included  19  stations.  The  eight  Ground 
Force  teations  were: 

Post  of  San  Juan,  including  station  hospital,  P.R. 

Camp  O’Reilly,  PJt. 

Fort  Bochanan,  P.R. 

Henry  Barracks,  P.R. 

Camp  Tortagwero,  P JL 
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Saint  Thomas,  V.I, 

Antigua,  BAY. I. 

Jamaica,  ll.W.I. 

Tlie  Air  Force  stations  were  four : 

Borinquen  Field,  1M1. 

Loeey  Field,  P.K. 

Benedict  Field,  St.  Croix,  V.I. 

San  Julian,  Culm. 

The  Air  Force  station  at  Sun  Julian,  Cuba,  was  added  after  the  1042 
report,  representing  an  increase  of  five  stations  over  1041. 

MALARIA  PROBLEMS,  1941-43 

The  malaria  situation  in  the  Puerto  Ricnn  Department,  at  the  beginning  of 
the  war,  is  summarised  in  table  28. 


Table  28. — Malaria  data  far  U.8.  Army  entitled  pertaanel  in  Puerto  Rim,  mnlintnlnl  troop*, 

mud  insular  Iraaps,  1941 

\SManr**m*t*emam»n*alemmmr*nanmv**lMSSnmaesU*asih\ 


rim»y 

All  cal  Med 
poruu— el 

ComUmmtal 

tTM|W 

ImuIw  trnpi 

Strength . . . . . 

18  359 

6,  >76 

II,  088 

Days  lost . . . . 

l»cktr«KT; 

18,877 

5,880 

11,008 

Niabfr _ _ _ _ _ 

1.648 

404 

1.  1S1 

90 

Rate . . . 

8 

77 

During  the  lint  SO  weeks  of  1942,  the  malaria  attack  rate  of  troops  in 
Puerto  Rico  had  reached  114  per  1,000  strength.  For  the  lint  21  weeks  of  the 
sense  year,  the  figure  stood  at  74.2  per  1,000  strength  in  Panama.  The  rate  of 
primary  malaria  in  the  PCD  for  the  4  weeks  ending  28  June  1942  was  2SS.1 
per  ljOOO,"*  in  yka  of  the  fact  that  the  Caribbean  Defense  Command  had  been 
utilising  all  the  malaria  control  sees  seres  thus  far  developed  for  am  by  troops. 
It  bsesme  essential  that  The  Surgeon  General  should  have  firsthand  iaforeeation 
regarding  malaria  problems  and  control  msthodi  in  them  arena. 

It  was  therefore  arranged  that  Lt.  CoL  (later  CoL)  Paal  F.  RuaoeU,  14C, 
in  company  with  Dr.  Mark  F.  Boyd,  of  the  Rockefeller  Foundation,  both  ex¬ 
perienced  meleriolognta,  ehould  proceed  to  Sun  Juan,  daring  September  1942, 
and  make  a  similar  journey  to  the  PCD,  in  October  1942,  for  the  purpose  of 
obtaining  the  desired  information. 
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The  Puerto  Rican  survey  disclosed  that  some  cantonments  lmd  achieved 
rates  of  250  per  1,000  strength  during  1941  anti  1942.*“  Good  cooperative  rela¬ 
tions  existed  between  tlie  Army,  the  l'.S.  Public  Health  Service,  the  Insular 
Health  Department,  and  the  Work  Projects  Administration,  but  specilic  plans 
for  intracautonment  and  exiracantonment  control  for  each  installation  were 
yet  to  be  developed.  The  Iusulur  Health  Department,  hud  mude  no  sustained 
effort  to  deal  with  the  menace  of  the  civilian  reservoir  living  outside  canton¬ 
ments,  and  the  Army  had  been  slow  in  assuming  its  full  responsibility  for 
intracantonment  control.  Some  of  this  had  been  compensated  for  by  the 
activity  of  the  1,\S.  Public  Health  Service,  which  lent  considerable  aid  of  an 
emergency  nature,  but  it  bad  been  understood  from  the  beginning  that  the 
prime  responsibility  of  the  U.S.  Public  Health  Service  was  exiracantonment 
control  and  that  the  Army  was  expected  to  look  after  intmeantoiiincut  control 
in  all  its  phases. 

Tim  Russell -Boy il  rejxjrt  resulted  in  specific  recommendations  to  the  effect 
that  tlie  Army  assume  full  responsibility  for  intraointonnieiit  control,  including 
larviciding  and  drainage.  The  antimalaria  program  of  tlie  Army  in  Puerto 
Rico  had  up  to  this  time  been  limited  to  screening,  minor  ditching  and  oiling, 
pit-filling  projects,  and  the  use  of  lied  nets,  protective  clothing,  and  suppressive 
drugs.  Some  survey  work  had  been  in  ojh* ration  since  I  June  1942.  The 
recommendations  advocated  greater  use  of  py rethrum  sprays  to  kill  adult 
mosquitoes,  also  that  bed  nets  be  included  ill  the  screening  inspection. 

Most  significant  was  the  suggestion  that  a  full-time  malaria  control  officer, 
with  suitable  assistants,  be  appointed  for  the  Puerto  Rican  Department  and  that 
he  be  placed  on  the  staff  of  the  Department  surgeon.  Considerable  time  was 
to  elapse  before  this  was  achieved. 

The  sanitation  of  the  entire  Puerto  Rican  Sector  in  1942  was  reported 
good,  “except  for  the  presence  of  malaria  vectors  throughout  the  year,  especially 
at  Fort  Buchanan,  Losev  Field,  and  Camp  Tortuguero.”  The  same  memoran¬ 
dum  states  that  the  development  of  auxiliary  airdromes  along  the  coastal  plain 
of  the  island  of  Puerto  Rico  had  appreciably  increased  the  seriousness  of  the 
malaria  problem. 

Most  of  the  UA  military  posts  in  Puerto  Rico  were  located  on  the  coastal 
plain,  where  malaria  is  endemic.  Fort  Buchanan,  Looey  Field,  and  Camp 
Tertnguem  presented  the  greatest  problems.  In  hyperendemic  areas  nearby, 
the  spleen  rate  in  children  between  2  and  10  years  was  permanently  over 
SO  percent. 

In  the  Salinas  area,  which  was  used  for  military  maneuvers,  the  annual 
attack  rate  among  some  10,500  men  was  between  900  and  900  per  1,000  in  1941. 

The  temperature  in  Puerto  Rico  varies  from  72°  to  86°  F.,  so  that  mosquito 
production  never  ceases  because  of  cold.  Seasonal  temperatures  do  affect 


••LiMif,  N.  Mia  i.  lien.  HC,  Uxantlr*  OSm,  [OS»  mt  tfce  hr|in  Point  t.'.S.  Army], 
to  TSs  XSjatoat  Oiwil  (War  Dinrtnm).  n  Or*.  1*41,  hIJk) :  Tto  CWntral  tt  Malarta  to 
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mosquito  production,  nevertheless,  as  shown  by  the  fact  tlmt  adult  emergence 
usually  drops  sharply  in  mid-December  and  continues  relatively  low  for  11  or 
3  months,  the  rate  of  larval  development  being  reduced  about  50  percent. 
Malarial  infections  tend  to  fall  off  4  to  6  weeks  after  adult  emergence  is  checked. 

More  important  than  temperature,  of  course,  are  the  seasonal  variations 
in  rainfall.  Increase  in  precipitation  is  reflected  in  higher  mosquito  counts  and 
more  malaria.  A  third  factor  in  A.  albimanut  production  is  shade.  When 
the  sugarcane  becomes  sufficiently  tall,  A.  albimonu ■»  tends  to  lie  replaced  by 
A.  grab  ha  mi. 

Surveys  carried  out  among  civilian  populations  revealed  a  parasite  rate 
between  20  and  40  percent,  especially  along  the  southern  coast.  Some  2,000 
deaths  due  to  malaria  were  reported  annually.  With  limited  funds,  the  Insular 
Health  Department's  program  consisted  of  (1)  treating  patients  to  reduce 
mortality  and  eliminate  foci  of  infection,  (2)  antilarval  work  in  a  number  of 
hyperendemic  districts,  and  (3)  permanent  engineering  projects  in  selected 
districts  where  the  problem  was  most  severe. 

Military  reports  for  1941  and  1942  in  Puerto  Bico  show  annual  incidence 
rates  among  enlisted  personnel  of  84  and  86  per  1,000,  respectively.  The  latter 
portion  of  1942  showed  marked  improvement,  however,  particularly  at  Fort 
Buchanan,  where  a  rate  of  45  per  1,000  prevailed  in  October,  November,  and 
December  as  compared  with  213, 137,  and  273  for  the  corresponding  3  months 
of  1941, 1940,  and  1939. 

This  degree  of  success  in  controlling  malaria  at  Fort  Buchanan  was  at¬ 
tributed  chiefly  to  screening,  insecticiding,  and  malaria  discipline  since  the 
anopheline  density  had  been  reduced  appreciably  only  in  central  areas  of  the 
somewhat  sprawling  post.  Viewed  in  retrospect,  it  seems  probable  that  lorvi- 
ciding  and  drainage  also  helped,  but  such  opinion  was  not  held  at  the  tune  by 
thorn  responsible  for  current  reports. 

Even  after  the  numbers  token  in  bait  traps  had  become  considerably 
lower,  the  malaria  hazard  remained  great ;  however,  a  reduction  in  the  number 
of  malaria  carrier!  waa  effected  by  the  evacuation  of  the  small  Tillage  of 
Colon ia  Santa  Ana.  At  the  same  time,  many  old  troops  were  transferred,  than 
eliminating  a  goodly  portion  of  the  human  reservoir.  Increased  efforts  were 
also  put  forward  to  detect  the  carriers  among  new  indneteea  and  to  pee  vent 
them  raws  from  becoming  centers  of  infection  azeongthe  troops. 

At  Lossy  Held,  Fart  Buchanan,  and  Camp  Tortuguero,  wasteland!  and 
pasta  tela  adi  contributed  extensively  to  anopheline  breeding,  end  wet  fields 
of  sugarcane  wen  aleo  important  in  certain  instance*  Irrigation  channels 
and  reaervoirm,  streams  and  cutover  mangrove  swamps  characterised  the  vicin¬ 
ity  of  Loeey  Field.  At  Fort  Buchanan,  the  want  breeding  arses  were  man¬ 
made,  in  that  hydraulic  fill  had  blocked  certain  natural  drainage  outlets, 
creating  scattered  bodies  of  shallow,  impounded  water.  At  Camp  Tortuguero, 
large  areas  of  waste  marshland,  formerly  in  cane,  produced  many  anophalinea. 
The  marshy  fringes  of  Laguna  Tortuguero  wen  next  in  importance.  At 
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Camp  O'Reilly,  old  sugarcane  ditches,  in  uddilion  to  at  least  four  snuill 
streams,  were  sources  of  breeding. 

PROBLEMS  AT  SELECTED  POSTS 

Camp  Tortuguero. — As  stated  previously,  this  |>ost  was  surrounded  by 
extensive  sugarcane  fields  and  large  lsslies  of  standing  water.  Within  llte 
camp  l)onndaries  were  Lngiinn  Rica,  Istgiinn  Tortngnero,  and  a  see]iage  area 
at  the  base  of  a  bill.  Five  hundred  acres  or  more  of  niarshlnnd  lay  to  the 
east  of  the  camp,  and  there  were  several  nearby  "Imrrios,"  practically  sur¬ 
rounded  by  eanefiekls.  The  nearby  towns  of  Yegn  lluju.  IML,  and  Manat  1, 
also  malarious,  were  frequent  ly  visite<l  by  t nsijts. 

Within  the  camp,  malaria  control  was  amtmplished  by  oiling  all  breeding 
places  or  dusting  with  paris  green.  Ditching,  drainage,  and  tilling  were  also 
employed.  All  buiklings  used  at  night  were  screened.  The  use  of  mowpiito 
bar  and  of  Freon  Aerosol  was  made  compulsory.  Routine  inspections,  also 
group  instruction  and  demonstrations  were  employed.  Informative  |  sinters 
concerning  individual  precautions  were  placet)  in  hutments.  Weekly  catelieB 
of  mosquitoes  were  made  in  occupied  hutments  to  test  the  efficiency  of  flic 
program. 

Camp  O'Reilly.— War  Department  Training  Circular  No.  108,  dated  21 
September  1043,  had  its  influence  in  the  Carihlwon  as  elsewhere.  A  report 
from  Camp  O'Reilly  mentions  tlie  appointment  of  antimalaria  details  by  all 
organization*  and  their  training  by  the  poet  malaria  control  officer.  Barracks 
were  regularly  inspected  and  scored  as  to  the  defects  found.  These  reports 
were  sent  to  post  headquarters,  and  each  organization  was  notified  by  the  poet 
commander  as  to  the  defects  recorded. 

The  prevalence  of  moaquitore  at  Camp  O'Reilly  was  likewise  reduced  by 
both  in  t  r»  cantonment  and  ext  recant  eminent  drainage  and  by  extensive  lar- 
viciding.  The  malaria  rate  for  1942  was  only  113  per  1,000  average  strength 
per  year,  and  for  00  percent  of  the  months  of  1943,  less  than  20  per  1/(00 
strength.  The  construction  of  permanent  linings  in  ditches  and  watercourses 
upon  the  post  was  a  feature  of  the  control  activities. 

An  important  step  in  the  sanitation  of  Camp  O’Reilly  was  the  relieving 
of  one  Sanitary  Corps  offeer,  ia  1943,  of  the  duty  of  mess  inspection  and  the 
utilization  of  this  dker,  as  poet  malaria  control  officer,  to  work  in  cooperation 
with  tlm  poet  engineer. 

The  1944  Annas!  Report,  Department  Surgeon,  Antilles  Department,  ram¬ 
part*  the  malaria  rate  for  1942,  which  was  1 13  per  1,000  per  annum,  with  30 
per  1,000  per  annum  for  1943  and  0  per  1/100  per  annum  for  1944. 

This  was  accomplished  entirely  before  the  availability  of  DDT  and  re¬ 
sulted  from  conscientious  attention  to  many  things.  Particularly  influential 
waa  an  exhibit,  opened  in  April  1944,  at  the  323th  Station  Hospital,  which 
all  enlisted  men  of  the  command  were  required  to  visit  in  gnsijm  of  ten. 
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Explained  and  demonstrated  were  the  use  of  the  mosquito  Imr,  how  to  tuck  it 
well  under  the  mattress,  how  to  repair  holes  by  mending  or  patching;  likewise 
the  use  of  head  nets,  gloves,  leggings,  and  re|>ellent.  The  use  of  Paiiuma 
inverts,  and  side  slabs,  and  the  sodding  of  bunks  with  Bermuda  grass  were 
pictured,  also  dusting,  oiling,  and  cleaning  of  ditches.  The  work  of  hotli 
military  and  U.S.  Public  Health  personnel,  within  and  without  the  canton¬ 
ment,  was  likewise  shown. 

Looey  Field  . — The  largest  and  most  uncontrollable  breeding  ureas  at 
Iyjeey  Field  and  Camp  Tortuguero  were  eventually  reduced  or  eliminated  by 
drainage  construction,  carried  out  by  the  U.S.  Public  Health  Service  and  the 
Work  Projects  Administration,’51  chiefly  in  1943.  Previous  to  this,  Loeey  Field 
had  posed  a  difficult  problem.  The  area,  covering  nlmnt  240  acres,  was  pur¬ 
chased  by  local  donations  and  given  to  the  government.  Useless  for  agricul¬ 
ture,  because  of  its  swampy  nature,  the  land  is  only  20  feet  above  sea  level. 
The  distance  to  the  sea  is  about  1%  miles.  Cast  of  drainage  could  not  lie  other 
than  excessive.  The  Insular  Health  Department  spent  approximately  $70,000 
in  malaria  control  in  the  Loeey  Field  area  in  1941,  which  included  92,707  lineal 
feet  of  pipe  in  subtile  drainage,  and  $800  per  month  for  oiling  and  spraying. 

B«ia|Ma  Field,  PJL— At  this  base,  malaria  control  was  at  first  confined 
largely  to  the  use  of  screens  and  mosquito  bars.  The  malaria  rate  rose,  until, 
in  July  1942,  it  had  reached  100  |»er  1,000  per  annum  (as  compared  with  B2 
for  July  1941). 

Vigorous  measures  were  instituted,  including  a  program  of  tilling,  drain¬ 
ing,  ami  oiling.  Bajurs  Pond,  a  sea-level  swamp  at  the  northeast  corner  of 
the  base,  very  difficult  to  drain,  was  eventually  taken  rare  of  by  dusting  once 
a  week  from  the  air  with  a  mixture  of  alum  (or  lime)  and  pans  green. 

The  malaria  rata  for  July  1943  was  only  8  per  1,000  per  annum.  For  the 
balance  of  the  year,  only  9  cases  were  reported,  and  most,  of  these  were  among 
coaatguardamen  quartered  off  the  poet  or  in  soldiers  who  had  been  on  pass  in 
malarious  territory. 

MISCELLANEOUS  REPORTS  FOR  1944 

Reports  for  1944  (in  some  cases  referring  to  work  accomplished  in  1948) 
■bowed  that  the  situation  was  well  in  hand. 

At  Fort  Bandy,  where  DDT  began  to  be  used  in  October  1944,  the  number 
of  malaria-transmitting  mosquitoes  taken  in  surveys  ranged  from  one- fourth 
to  one- tenth  the  number  found  in  previous  months,  as,  for  example,  739  col¬ 
lected  in  November  1944  venue  9£S5  collected  in  September  1944. 

At  Looey  Field,  15  cases  of  malaria  were  contracted  among  troops  under¬ 
going  training  in  the  Salinas  Training  Area ;  but  these  were  proved  to  be  the 
mult  of  relaxed  malaria  discipline,  and  correct  ire  measures  were  immediately 

■  UHw.  Mn  X.  HaS—.  Suita  17  east— r.  <B»,  FaSaral  Sacartty  A*B<y.  U.».  Pa— 
BaaMfc  SarrW,  Saa  Jaaa.  P.E..  to  U.  Cat.  Paal  r.  taaa.lt  JSC.  OSka  at  Tto  Sarma  Orwral.  I*  Jaiy 
tew.  aaMtot:  CM—  «b4  Amy  lfctorta  Mato—y  hy  M.atta  to  ftoto  Bka. 
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instituted.  Suppressive  Atabrine  therapy  was  also  authorized  for  troops  in 
the  Salinas  Training  Area. 

At  Fort  Buchanan,  the  malaria  problem  was  practically  eliminated  by  a 
combination  of  all  available  procedures  and  by  cooperation  between  U.S.  Engi¬ 
neer  Department,  post  engineer,  IT.S.  Public  Health  Service,  Work  Projects 
Administration,  and  other  agencies.  Drainage,  lurviciding,  attention  to  bar¬ 
racks,  and  malaria  discipline,  all  had  a  part.  Post  malaria  control  officers 
(Sanitary  Corp.^)  discharged  the  following  duties: 

1.  {Supervision  of  post  engineer  lurviciding  and  minor  ditching  crew. 
(This  function  was  somewhat  nominal.  On  most  ]>osts,  including  Fort 
Buchanan,  such  crews  worked  directly  under  the  authority  of  the  poet 
engineer.) 

2.  Supervision  of  four  malaria  control  technicians  who  were  concerned 
both  with  the  control  programs  of  the  post  and  of  the  Antilles  General  Depot 
areas. 

3.  The  collection,  tabulation,  and  review  of  data  relating  to  mosquito 
control. 

4.  The  review  of  data  secured  from  malaria  patients. 

5.  Supervision  of  and  participation  in  the  malaria  control  education  pro¬ 
gram  for  troops. 

<L  Regular  inspection  of  all  intracantonment  breeding  areas  and  the  rec¬ 
ommendation  of  corrective  measures. 

7.  The  inspection  of  sleepingquartersof  troops. 

8.  The  preparation  of  all  required  reports  on  malaria  control. 

At  Camp  Tortuguero,  conscientious  attention  to  all  aspects  of  the  problem 
continued  to  create  a  better  record.  Chief  difficulty  at  this  poet  was  tlie  condi¬ 
tion  of  quarters  for  troops,  where  separation  of  boards  doe  to  excessive  rainfall 
and  changeable  weather  caused  many  cracks  capable  of  admitting  mosquitoes. 
The  post  engineer  kept  a  permanent  repair  crow  employed  at  maequitoproofing 
work. 

Results  of  the  use  of  DDT  larvicitUl  dust,  also  of  5  percent  DDT  in  No.  2 
diesel  oil,  were  beginning  to  be  observed. 

At  Henry  Barracks,  the  malaria  problem  was  reported  as  “minimal”  in 
1944.  About  three-fourths  of  the  area  of  the  poet  had  been  improved  that 
year  with  1,500  linear  feet  of  half  round  acres  (estimate)  drained,  but  this 
is  not  conaidered  to  have  had  a  real  bearing  on  malaria,  as  Henry  Barracks 
enjoyed  a  very  good  record  from  1941  on. 

CONCLUDING  STATEMENT 

The  decrease  of  malaria  in  the  Puerto  Rican  area  during  the  course  of  the 
war  may  be  illustrated  by  the  statistics  in  table  29,  from  the  161st  General 
Hospital,  Fort  Brooke.1"  No  cerebral  malaria  was  recorded  at  this  hospital 
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The  prompt  establishment  of  adequate  antimnluria  control  measures,  including 
the  institution  of  malaria  discipline,  was  believed  to  he  the  factor  influencing 
the  rapid  decrease  in  the  incidence  of  malaria  among  Army  personnel. 

Adequate  malaria  control  was  not  accomplished  until  sometime  in  1943, 
after  which  a  rapid  decrease  in  iiinhiria  incidence  took  place.  Through  most 
of  1942,  malaria  rates  in  Puerto  Rico  remained  undesirably  high.  Colonel 
Russell,  who  visited  the  island  during  1942,  recorded  conditions  as  “distress¬ 
ingly  had.”  Even  minor  repairs  of  barracks,  necessary  for  mosqnitoprooling 
were  not  given  proper  attention  on  ninny  posts  until  the  Inst  9  months  of  1943. 


Tabls  20 .-  Aimittiont  for  malaria,  J61tt  Ocnrral  llotpilal,  Son  Juan,  P.H., 


1 

Diagnoses 

1*VJ 

1*43 

1*44 

1 

1*451 

Total 

P.  rival _  .  .  _  .  .  . . 

] 

871 

180 

101 

23 

1,  175 

P.  falciparum  ..  _  _ 

117 

46 

24 

7 

1M 

P.  malanar,  mixitl,  and  uneUtwifk'd... 

4 

1 

1 

0 

6 

Total _  _  .  .  _  ... 

1  092 

227 

126 

*30 

j  1,375 

i  IndodM  first  •  months  only  of  1*45. 

*  Dots  are  Mfetsd  to  iariudcr  both  primary  sod  rrrurtwat  ernes. 


The  role  played  by  the  Malaria  Control  in  War  Areas,  U.S.  Public  Health 
Service,  in  Puerto  Rico,  especially  during  the  critical  1942-43  period,  was  very 
great.  For  a  number  of  reasons,  the  Army  did  not  achieve  proper  organization 
for  adequate  malaria  control  until  sometime  in  1943,  and  preventive  medicine 
units  did  not  actually  take  the  field  to  any  extent  until  1944.  Tardy  recogni¬ 
tion  of  these  organizational  needs  not  infrequently  resulted  in  the  assignment 
of  unsuitable  personnel  for  control  work,  and  lack  of  proper  planning  in  the 
aeleetion  of  campsites  can  probably  be  traced  to  the  same  source.  Meantime, 
MOW  A,  with  its  self-contained  units  or  “teams”  was  chiefly  responsible  for 
the  functioning  of  the  joint  Army  malaria  control  program  as  it  was  then 
constituted. 

Trimidmi  Sector ia 

CONSTRICTION  PERIOD 

The  first  and  foremost  problem  confronting  the  1T.S.  military  authorities 
in  the  Caribbean  was  the  construction  of  bun  to  receive  large  numbers  of  US. 
troops.  This  task  fell  to  the  Corps  of  Engineers  and  was  administered  by 
Districts. 

Of  these,  the  Trinidad  District  was  perhaps  the  most  important  from  the 
malaria  hazard  standpoint.  Toward  the  end  of  December  1940,  Lt.  Col.  (later 
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Lt.  (ieu.)  David  A.  D.  Ogden  firmed  in  Port  of  S|miu  ns  district  engineer, 
accompanied  by  2  officers  of  the  Corjw  of  Engineers  and  :Hi  <-i vilinii  employees. 
This  group  supervised  the  construction  of  the  various  Imses  involved.  Much 
native  labor  was  employed,  Port  of  Spain  served  ns  hemh|iintiers  for  all  work 
in  the  Trinidad  District. 

Three  ureas  were  recognized,  the  British  (iiiiinm  Aivu,  which  contained 
Atkinson  Field,  tlie  Saint  Lucia  Area,  which  contained  Deane  Field,  and  the 
central  or  Trinidad  Area,  administered  from  Fort  Head.  Included  under  the 
Trinidad  Area  were  Fort  Head,  Waller  Field,  a  nninlier  of  auxiliary  airfields, 
certain  fixed  defense  units  of  the  ('nriblienn  Defense  ('ninniiind,  and  t lie  perma¬ 
nent  docks. 

The  Trinidad  Area  gave  greatest  concent,  ns  two  emleiuu-  centers  were  in¬ 
volved.  One  of  tliese  centers  consisted  of  tike  coastal  swaiii|M,  which  were  breed¬ 
ing  places  for  ,1.  The  oilier  endemic  center  was  in  tlie  highlands, 

where  there  is  plenty  of  rainfall,  ami  proved  to  lie  tine  to  tlie  abundance  of  .4. 
beUator ,  a  hitherto  suspected  but  not  proved  vector.  As  ment  ioned  previously, 
these  mosquitoes  are  treetop  breeders.  Proof  of  tlie  natural  infrct ion  of  .1. 
Initiator  was  brought  forward  by  Dr.  Lloyd  E.  Rozeboom ,M  and  Mr.  Kaymound 
Laird  of  The  Johns  Hopkins  University  wlio  arrived  in  Trinidad  in  May  1941 
and  found  the  brat  naturally  infected  hellator  in  July  1WI.’"  Tlieir  findings 
were  later  confirmed  by  Downs  and  Shannon  **•  of  tlie  Rockefeller  Foundation, 
while  engaged  in  making  a  malaria  survey  of  the  Island. 

During  the  first  9  months  of  operations,  there  were  48  cases  of  malaria  in 
Trinidad  among  construction  forces,  with  1  death.1” 

Draining,  filling,  and  anti -bellat or  measures  were  conspicuously  effective 
in  reducing  anophelines  as  compared  with  culicines.  In  June  1941,  the  ratio 
between  anophelines  and  culicines  was  1 : 1,  in  December  1 : 9.  This  is  probably 
not  too  significant,  however,  as  A.  wtuMn,  a  nonvector,  appears  to  have  con¬ 
tributed  substantially  to  the  former  count. 

MALARIA  IN  MILITARY  PERSONNEL  1941-45 

At  the  MOth  Station  Hospital,  Fort  Read,  previously  designated  as  the 
41st  General  Hospital,  a  total  of  1,142  primary  and  recurrent  ream  were  ad¬ 
mitted.1"  These  were  classified  as  follows: 


■IV.  »■—*■■■  watwl  the  Bailer  K.  ▲■Stare  IMal  at  lkr  Aarrtraa  Sarin?  at  TiuM  IS* 
ttmm  to  wwpltto  of  Mb  wort  to  Aumphmkn  WhUr. 
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Four  cases  of  cerebral  malaria  were  recorded,  all  due  to  /'.  fafrijtarum. 
One  failed  to  recover,  the  only  death  from  malaria  in  the  Antilles  DeiNirtmeut. 

During  1042,  there  were  approximately  1,150  cases  of  malaria  in  lT.S. 
Army  forces  in  tlie  Trinidad  Sector,  but  by  104<‘l,  umwpiito  control  programs 
had  liegun  to  yield  generally  satisfactory  results.  However,  in  many  locutions, 
detailed  information  as  to  tlie  s|iecies  concerned,  their  habits,  and  ecological 
requirements  was  incomplete  or  lacking.  In  such  cases,  tlie  attack  on  the  prob¬ 
lem  bad  to  be  general,  which  usually  meant,  some  waste  of  funds,  materials, 
and  manpower.”* 

The  Trinidad  Sector  and  Base  Command  had  tlie  laniefit  of  a  malaria 
control  laboratory  located  not  far  from  tlie  sector  surgeon’s  office.1**  Built 
in  1942,  this  laboratory  served,  directly  or  indirectly,  the  entire  sector,  which 
was  over  1,000  miles  long.  Besides  tlie  Dutch  Islands  of  Aruba  and  Curacao, 
this  included  Las  Piedras  and  Puerto  La  Cruz  on  tlie  mainland  of  Venezuela, 
the  Venezuelan  Island  of  Patos,  British  Guiana,  the  British  Islands  of  Trini¬ 
dad  and  Saint  Lucia,  also  Surinam  (Dutch  Guiana),  and  Kochambeau  Field 
in  Frrnch  Guiana. 

Throughout  its  history,  the  laboratory  was  directed  by  a  commanding 
officer  who,  with  one  exception,  was  a  medical  officer  malanologist.  (In 
early  1945,  this  poet  was  held  by  an  engineer.)  The  parasitologist  and  the 
entomologist,  originally  assigned  to  the  laboratory  remained  with  the  orga¬ 
nization  until  its  deactivation.  Until  near  tlie  end  of  1944,  an  engineer  also 
served  in  close  cooperation  with  the  central  staff. 

The  functions  of  the  laboratory  were  defined  as  follows : 

1.  To  identify  specimens  of  larvae  and  adult  mosquitoes  from  the  various 
bases  and  submit  reports. 

2.  To  examine  blood  smears  of  all  malaria  cases. 

3.  To  make  field  iaveetifationsof  control  procedures. 

4.  To  collect,  assemble,  and  interpret  data  submitted  by  hospitals  and 
field  personnel. 

5.  To  disseminate  newer  technical  in  format  ion  regarding  control  met  bode 
sad  procedures. 

0.  To  provide  other  technical  asrisUwce. 

A  mots  complete  account  of  tha  laboratory  will  ha  given  in  a  later  section 
entitled  “Special  Unite,  Organizations,  sad  Projects.” 

A  rather  coaaplete  study  of  the  Trinidad  Sector  a  as  carried  out  by  General 
Stayer.  The  program  which  he  outlined  was  put  into  effect  and  operated  aa 
follows: 

Local  surgeons  were  made  responsible  for  malaria  control  aa  well  as  ami- 
tut  ion  for  their  own  poets  and  camps.  Each  local  surgeon  outlined  the  projects 


*■  Latter,  CM.  B.  K.  abate.  A.O.D.,  Adjtbtt  Onffil,  TilaHaS  Srcter  aaS  Baa*  OtaaaaS  te 
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be  Is-lioved  necessary  for  the  control  of  malaria  in  bio  im  and  submitted 
plans  to  the  engineers  for  estimates.  Funds  were  provided  by  the  district 
engineer,  with  the  local  poet  engineer  completing  the  project  under  the  tech¬ 
nical  supervision  of  the  local  surgeon. 

As  indicated  previously,  the  malaria  control  laboratory  undertook  to 
identify  mosquitoes  sent  in  by  field  mm  and  to  give  advice  on  species  control. 
This  service  was  somewhat  hampered  by  the  frequent  removal  of  experienced 
personnel  for  service  at  other  points.  The  lorn  of  Li.  Wilbur  G.  Downs  was 
particularly  regretted  by  the  Sector  surgeon. 

The  problem  of  A.  IxlUtor  was  considered  wont  at  Fort  Bead,  in  the 
center  of  Trinidad.  It  was  said  that,  even  if  the  entire  Fort  Rend  area  were 
covered  with  concrete,  the  malaria  problem  there  would  not  he  affected. 

This  was  an  exaggeration,  bat  the  rtntament  is  significant.  The  possi¬ 
bility  of  felling  the  immortelle  trees,  hauling  them  away,  and  burning  them 
to  destroy  the  hmmeliada  was  rejected  because  of  expense.  Mote  practical 
was  the  training  of  crews  to  climb  the  trees  and  cut  out  the  hromeliads.  The 
eventual  emptoyamat  of  pressure  pumps  to  spray  the  hromeliads  with  copper 
sulphate,  which  is  toxic  to  the  epiphytes,  had  to  await  the  arrival  of  suitable 
machinery  from  the  United  States.  Hie  1\S.  Department  of  Agriculture 
was  instrumental  in  arranging  the  shipment  from  Greenfield,  Mow,  of  a 
Bean  power  sprayer,  formerly  usrd  in  combating  gypsy  moth  depredations  in 
New  England  (fig.  27). 

Hie  typo  of  malaria  control  employed  at  each  location  depended  upon  the 
nature  of  the  particular  bum.  That,  within  the  Trinidad  Sector,  U-S.  in¬ 
stallations  fell  into  throe  categories,  according  to  prnhahle  permanence.  Six 
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were  99-year  leased  bases.  These  were  Fori  Head,  Edinburgh  Air  Base, 
Green  Hill  Cantonment,  l'ort  of  S|Miiu,  British  (tniinin  Base  Cotinnand,  and 
Saint  Lucia  Base  Command. 

Bases  lield  only  for  the  duration  of  tlte  war  included  fire  individual  sta¬ 
tions  in  Surinam,  an  airbase  in  French  Guiana,  and  (lie  t  wo  Dutch  Islunds, 
Aruba  (Camp  Savaneta)  mid  Cunu^to  (Camp  Suffisnut). 

Small  outposts,  of  indefinite  nuiuljer  and  jiermaiirnre,  were  scattered 
throughout  the  Trinidad  Sector  anil  though  occupied  by  relatively  few  men 
constituted  a  distinct  health  problem  of  their  own.  Malaria  discipline  was 
chiefly  counted  on  in  these  situations.  A  single  exception  was  La  Lune,  Trini¬ 
dad,  where  mosquito  breeding  was  limited  to  a  restricted  area  along  one  border 
of  the  camp.  Clearing  and  larviciding  measures  were  found  to  be  economically 
feasible  and  greatly  reduced  the  mosquito  problem. 

At  bases  to  be  held  only  for  the  duration  of  tlie  war,  control  measures 
depended  on  the  anoplieline  fauna.  On  Aruba  and  Curasao,  no  malaria 
problem  existed.  During  the  construction  of  the  airbase  in  French  Guiana, 
drainage,  larviciding,  and  spray  killing  of  adult  mosquitoes  were  employed  to 
protect  the  construction  crews,  which  entered  the  area  late  in  April  1943. 
On  recommendation  of  the  Trinidad  Base  Command,  native  labor  camps  and 
Puerto  Rican  labor  ramps  were  moved  to  1  mile  from  the  UJS.  camp.  So 
far  as  can  he  ascertained,  construction  was  suspended  before  completion  of 
the  work,  the  base  was  never  activated,  and  only  a  very  restricted  malaria 
control  program  was  ever  in  operation  at  the  base. 

Of  the  five  temporary  stations  in  Surinam,  only  Zanderij  Field  mar  an 
extensive  larviridal  and  drainage  program.  Camp  Faraaam  and  Camp  Mo- 
engo  were  served  through  programs  carried  out  by  the  local  aluminum 
companies.  In  general,  larvicidal  work  was  instituted  whenever  field  inspec¬ 
tion  ahowed  the  breeding  of  anophelines. 

At  the  six  bases  of  the  90-year  clam  long-range  plans  as  well  as  emergency 
aemanrca  were,  of  course,  important.  Each  of  these  installations  is  discerned 
separately  in  the  aecticn  which  follows. 

CONTROL  PROGRAMS  AT  RASES  UNDER  LONG-TERM  LEASE'- 

UUngh  Air  Bam,  TlMM,  &WX— Drainage  for  malaria  control 
could  not  be  accomplished  until  general  purpose  drainage  had  been  completed, 
and  this  was  doer.  Larvicidal  control  within  the  bees,  however,  was  exeellmt. 
Beginning  in  September  1943,  the  ham  wee  operated  by  Navy  personnel,  and 
the  80th  Coootrection  Battalion  was  amigned  than.  As  long  m  Army  per¬ 
sonnel  remained  at  this  establishment,  a  cooperative  program  of  mosquito 
control  was  in  effect.  The  80th  Construction  Battalion  provided  necessary 
equipment,  such  as  dragline  and  buBdoaer,  while  the  past  engineer  furnished 
larvicidal  control  and  labor  to  man  the  equipment. 


COMMUNICABLE  DISEASES 


Port  of  Spoilt,  Trinidad,  B.W.I  . — Tin*  ]>ost  extended  fur  about  a  mile 
•Ion#  the  I’ort  of  .Spain  waterfront  and  nni^ed  from  <ine-qiiiirti>r  in  iine-liulf 
a  mile  wide.  Normal  tilling  and  grading  look  care  of  all  greater  breeding 
arena,  and  lnrvicidnl  work  envered  I lie  rest.  To  protect  adequately  all  |mrt» 
of  tlie  |MK4t ,  pennisaion  tens  secured  to  extend  control  innisiires  into  llritisli 
pro)ierttv  known  ns  I  lie  Kilims  tvlmrf  nmi.  Control  ap|>cnrs  to  linve  lieen 
nearly  complete.  For  months  at  a  time,  iiis|>eci»rK  weiv  nnnblu  to  lind 
an<i|ilieliiie  larvae. 

Green  Hill  Coiitoiioicnt,  Trinidad,  B.W.I.  This  rniilimniciil  suffered  u 
high  malarial  rate  in  11(42.  A  large,  coastal  swamp,  closely  adjacent,  was  the 
source  of  the  anopliel ine  vector.  Accordingly,  in  February  the  district 
engineer  was  directed  to  provide  a  none  logging,  self-cleinising  millet  from  tlie 
swamp  to  tfieoceim  audio  install  a  tide  gate.  This  was  completed  in  July  K>43, 
leaving  the  swamp  entirely  dry. 

Green  llill  Cantonment  was  Imilt  in  a  coconut  plant  at  ion.  This  resulted 
in  ditch  maintenance  being  more  expensive  than  usual  for  a  |w*t  this  size.  In 
spiteof  this, excellent  standards  were  maintained. 

Fort  Read,  Tri aided,  B.WA- It  was  not  until  April  ini:;  that  a  Inrvi- 
ciding  program  was  started  for  tlie  control  of  ground-ltreeding  mosquitoes. 
Earlier  in  tlie  year,  it  was  Itrl'ieved  that  the  tree- breeding  .1.  M/n/or  was  the 
only  malaria  vector  of  consequence  in  tlie  vicinity.  Tlie  disclosure  l>_v  the  field 
inspection  program  that  .1.  oywiwils  was  breeding  extensively  nearby  caused 
mnsideralile  revision  of  control  procedures.  It  was  found  that  not  only  was 
this  species  present  in  tlie  salt  marshes  13  miles  away  hut  that  it.  had  adapted 
itself  to  a  salt-free  environment  and  was  breeding  successfully  in  fresh  water 
pools  throughout  the  Fort  Reed  area  (fig.  28).  It  then  became  neceenaty  to 
cover  approximately  25  square  miles  of  territory  with  larvicide  each  7 -day 
period.  A  Sanitary  Corps  officer  was  assigned  to  cooperate  with  the  staff  of 
the  poet  engineer  in  carrying  out  this  program.  There  was  a  lack  of  labor, 
transportation,  and  of  competent  supervision,  hut  these  problems  were  gradu¬ 
ally  solved,  and,  fay  1  September  1M3,  good  control  over  ground-breeding 
mosquitoes  had  been  achieved.  Minor  drainage  projects  were  carried  out  here 
and  there  to  eliminate  repeated  hmriridmg. 

Aa  for  the  control  of  A.  because  of  delay  in  the  shipping  of 

high-pressure  spray  machinery,  it  became  necessary  to  resort  to  a  hand- 
cutting  program  for  the  elimination  of  broaaaliada.  During  the  last  *  months 
of  Ifitt,  a  rtrip,  nowhere  lass  than  osie  quarter  mile  wide,  was  cleared  around 
all  cantonment  areas.  Hue  involved  climbing  some  TOyOOO  immortelle  trees. 
An  allotment  of  $102^000  from  Headquarters,  Caribbean  Defense  Command, 
eras  nearly  all  used  for  this  purpose. 

Britfcdi  Gtstaum  Ban*  Command, — An  excellent  program  was  initiated 
in  1M2  and  supplemented  in  IMS  by  a  certain  amount  of  new  ditching  to 
connect  several  springs  and  streamlets  with  the  main  outfall.  The  mainte¬ 
nance  of  the  system,  however,  proved  excessively  expensive.  In  1M4,  steps 
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fucK  28. — Diwn  trap  and  In  aaqalti)  sorvey  at  Tort  Read,  Trinidad,  R.W.I. 


warn  taken  toward  the  installation  of  permanent  tidal  Rates  which  would 
prevent  tidal  water  from  entering  areas  adjacent  to  the  Demcrara  River. 
Homemade  tidal  gates  had  been  in  operation  on  all  outfall  drains  fronting 
the  river  since  1942. 

Salat  Lada  Baas  Cemamad, — Much  swamp  filling,  drainage,  and  clear¬ 
ing  work  were  accomplished  during  the  construction  period.  Subsequent  ex- 
twine  of  the  drainage  and  tiling,  together  with  a  well-administered  larvi- 
eidal  program,  made  Saint  Lucia  relatively  mosquito  free  in  1943.  It  was 
only  necessary  to  extend  the  peramiient  construction  work  to  cat  down  main- 
tononce  coats. 

The  incidents  of  malaria  among  military  personnel  on  Saint  laris  in 
1943  ares  approximately  43  per  1,000  per  annam;  by  1944,  this  had  bean 
redared  to  8  per  MOO  per  annum.  Flashing  of  certain  swamps  with  see  water 
and  emphasis  on  individual  protective  measures  were  considered  responsi¬ 
ble  for  a  good  share  of  the  improvement. 

Special  Units,  Organizations,  and  Projects 

Caribbean  Health  Sorrico  daring  esnotrartian  of  kaaia.— The  London 
treaty  of  27  March  1941,  confirming  an  exchange  of  notes,  dated  S  September 
1940,  gave  the  United  States  99-year  leases  to  sites  in  British  poowiona  for 
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the  construction  of  Army,  Navy,  and  Air  Force  Bases.  The  sites  were  located 
in  Newfoundland,  the  Bermudas,  the  Hahmmi  Islands,  British  West  Indies, 
Jamaica,  Antigua,  Saint  Lucia,  Trinidad,  and  British  Guiana. 145  It  will  be 
seen  tlmt  tlte  majority  of  these  locations  fell  in  lniiliirious  territory. 

Construction  of  these  bases  became  the  responsibility  of  the.  Corps  of 
Engineers,  U.S.  Army,  and  an  Eastem  Division,  Corps  of  Engineers,  was 
createil  to  carry  out  this  work.  In  t lie  Caribbean,  the  work  was  carried 
on  by  districts  which  did  not  always  have  the  same  boundaries  or  designations 
throughout  the  war.  For  example,  the  Jamaican  District,  nt  one  time  dis¬ 
tinct,  came  under  the  Puerto  Rican  District  in  194,1.  The  Army  Air  Base 
in  Antigua,  most  southerly  project  of  tlie  Puerto  Rican  District  in  1942,  ap¬ 
pears  in  later  documents  as  falling  in  the  Trinidad  District  along  with  Saint 
Lucia  and  British  Guiana. 

The  medical  officers  who  first  servetl  each  base  ileserve  great  credit  for 
their  comprehension  of  the  malaria  problem  and  for  tlieir  early  attention 
to  preventive  sanitation. 

The  special  problem  in  Trinidad,  relating  to  malaria  transmission  by 
A.  bellator,  breeder  in  bromeliads,  in  treetops,  was  investigated  and  eventually 

controlled. 

Malaria  attack  rates  for  the  Caribbean  arra  in  1W2  ranged  between  59 
and  ISO  per  year  per  1,000  average  strength  as  compared,  for  example,  with 
the  low  and  high  attack  rates  in  Liberia,  429  for  September  and  1,340  for 
December  1942,  respectively.143  It  was  found  difficult  to  protect  troops  sway 
from  fixed  installations  or  troops  newly  arrived  in  a  highly  malarious  area 
when  they  must  live  under  field  conditions  while  construct ing  a  base.  The 
relative  aueceas  achieved  in  keeping  Caribbean  rates  within  bounds  would 
seem  to  be  doe  in  no  small  part  to  the  fact  that,  in  general,  bases  were  com¬ 
pleted  by  small  groapo  of  engineers  and  other  professional  personnel,  using 
mnch  native  labor,  before  substantial  numbers  of  military  personnel  were 
brought  there. 

The  Engineer  Service,  Caribbean  Defense  Command,  took  a  firm  attitude 
regarding  malaria  prevention  in  1941-42.144  Regulations  were  panted  and 
rigidly  enforced.  These  pertained  to  ase  of  bed  nets,  quinine  prophylaxis, 
moaqaitoproofiag  of  barracks,  am  of  insecticide  spray,  individual  protective 
measures,  care  of  tin  cans,  discouragement  of  ancnssivo  use  of  alcohol,  main¬ 
tenance  of  drainage  ditches,  and  oiling  of  breeding  places.  In  general,  it  can 
bo  mid  that  the  work  of  construction  was  not  seriously  hampered  by  the 
malarial  rate  prevalent  in  the  labor  force. 


"  In  Iw4i«t*  N,  a-  M. 

M  Me,  Mi  W.  X :  Malaria,  lta  rmikwr,  Crntral,  aaS  PrmeUaa  la  ISt  Afrfca-MMUt  Kaat 
Am.  (OUctal  mate.) 

“*  S>Sal  SMarr  a *  tto  Faaaaw  DItMmi,  raglaur  Srrrlu.  Carlkkeaa  Mini  OMHaaaC 
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Tha  392d  Medical  Malaria  Control  Detachment.— For  the  southern  half 
of  the  Antilles  Department,  the  history  of  lnnlaim  control  is  very  largely  the 
history  of  the  3!)2d  Medical  Malaria  Coni  ml  Detachment.’15 

This  organization,  referred  to  in  most  documents  ns  the  “Malaria  Ijilxim- 
torv,"  serviced  Trinidad,  Saint  Lucia,  Iiriti.sh  (tiiinim,  Surinam,  and  French 
Guiana.  There  were  a  mnnlier  of  changes,  lxitli  in  organization  and  in  |*erson- 
nel  lietwecti  its  inception  in  lit  11  and  the  end  of  lit-14,  hilt,  us  of  1  Xoveitdter 
l'A44.  the  organiziil ion  lteeatne  known  ns  the  5til2d  Medical  Coiu|*osite  I'nit 
(Malaria  Control).  On  21  March  1U45,  t  he  name  was  changed  tu3!)2i)  Medical 
Malaria  Control  lMnchmeiit.  Tlic  annum  iiding  officer  of  the  Inlmmtorv  server  1 
also  as  tlie  sector  nut  lariit  control  officer,  or  assistant  Department  malaria  coni  ml 
officer,  or,  during  tin*  |>eriod  wlien  the  Inlatratory  server)  only  Trinidad,  as  the 
Imse  malaria  control  officer. 

(’rinntiaurliiig  ollirers  rtf  tlie  Malaria  Ltilstnitory  were  ns  follows:  (apt. 
Melvin  1).  Itohinson,  MC.  arriverl  !t  March  1H43,  rle|*arterl  It)  Decenilier  11)451: 
Cniit.  Kli  ('.  Itirlgway.  MC,  arriverl  23  December  1!)43.  dc|*arted  It  March  U»4i»: 
Ca|»t.  (later  Maj.)  Donald  C.  Senges,  SuC.  arriverl  2(1  April  1!M5.  rleparterl 
Iff  Xovetnlwr  1IM5:  and  2rl  Ij.  Stanley  F.  Voiles,  Sn< Xovenilier  1145  thmitgh 
10  Jaiinaiy  114(1.  Tlie  |Mrasitologist  was  Mrs.  Tamarath  K.  Voiles,  fmm  tlie 
opening  of  tlie  laboratory  in  15  January  1045$  to  December  1045:  tlie  entomolo¬ 
gist.  Lieutenant  Yolles,  from  tlie  ripening  of  tlie  laboratory.  Iff  January  1043 
to  January  104(1.  Slirles  on  all  cases  of  malaria  reporter!  from  all  hospitals 
in  the  sector  were  cliecked  in  this  lalmratory.  An  aide  group  of  enlisterl  tech¬ 
nicians  operated  an  insectary,  hientifted  entomological  s|tecitnens.  maintained 
records  and  files,  performed  neenwary  clieinieal  work,  and  assisted  in  malaria 
control  activities.  Two  of  tliese  technicians  functioned  on  rletaclinl  service  at 
the  British  Guiana  Base  Command. 

First  located  in  Saint  Clair  cantonment,  imnterl  lately  adjacent  to  the  nffrs 
of  the  sector  sorgroo,  the  Malaria  Laboratory  was  moved  to  Fort  Read,  12 
May  1944,  where  more  space  and  better  facilities  were  available.  Added  nflee 
apace,  a  classroom,  an  animal  house,  and  a  dressing  room  for  native  dippers 
were  among  the  features  provided.  From  the  inception  of  the  laboratory  uatil 
activities  were  transferred  to  Fort  Read,  continuous  con  tees  were  given  for  sll 
medical  offkera  arriving  in  the  area,  also  for  selected  groups  of  manes.  Instruc¬ 
tion  concerned  the  diagnosis  and  treatment  of  malaria,  as  well  as  the  identifi¬ 
cation  of  anopheiine  and  culicine  moeqaitot*. 

Beginning  3  May  1943,  the  sector  Malaria  laboratory  initiated  a  course  for 
enlisted  technicians  in  the  laboratory  diagnosis  of  malaria.  Thick  smear  tech¬ 
nique  was  emphasised.  Surgeons  at  the  various  parts  were  urged  to  select 
personnel  and  recommend  them  for  this  training. 

All  hospitals  in  the  sector  were  required  to  submit  a  thick  and  a  thin  blood 
smear  on  each  case  diagnosed  as  malaria.  These  were  stained  and  examined 
in  the  sector  Malaria  Laboratory,  and  reports  were  made  to  the  hospitals. 

M»  A— I  Sf.rt.  as at  MiSaJ  lUnh  batni  MmIwmI.  IMS-tS. 
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Consistently  recurring  mi>r  from  any  slut  inn  was  indication  for  sending;  tin* 
station  terlmirisii  to  t lie  sector  Mnluriii  Ijilxinitury  fur  intensive  t  mining  in 
slide  diagnosis.  This  p  met  ice  resulted  in  a  great  reduction  in  |>eiveiitiigt*  of 
error. 

The  central  orgnniziitinn  liiuiitttiiiied  n  slide  library  of  all  malaria  patients 
in  the  sector.  Kacli  incoming  case  was  recorded  on  nil  orpin izationnl  chart 
which  pmvided  a  1*111111  inyr  picture  of  nuihiria  control  efficiency  for  each  lia-ation 
as  well  as  fur  the  sector  as  a  whole. 

Most  of  the  tiialuriii  in  the  Trinidad  Sector  was  of  riftu-  ty|»e.  The  1  lt-13 
annual  report  from  tliisseeior  shows  /*.  mtilitrim-  isrnrring  in  negligible  iiinmnit. 
blit,  tlininglioiit  1!>43  the  |ien-eiitiige  canseil  liv  /*.  futci/Hiriim  gradually 
increased  from  13.N  |ieivcnl  in  Jaiinnry  to  |ien>eiil.  in  Novcmlier.  There 
was  a  eurres|Miinliii|f  dec  reuse  in  the  pereentiige  of  ruses,  from  Xt».3  to  144.9. 
Tvpieal  of  alleni|>ts  to  reduce  human  reservoirs  was  a  malaria  survey  conducted 
at  (iieeu  Hill  Cniiiiiiiiiiriit  on  500  natives  living  near  (lie  laise.  Any  |>ersoD 
wit li  a  |msitive  spleen  or  |  merit  ive  liliaal  smear  was  (rented  with  Atahrine. 

Tlie  entomological  aspects  of  tlie  work  of  the  sector  Miliaria  Laboratory 
deserve  s|iecial  comment.  Conti  mm  ns  larval  surveys  were  cnrrieil  on  at  each 
base,  ns  were  weekly  adult  mosquito  collections.  Knlisted  men  nf  eitlier  tlie 
Cor|w  of  Engineers  or  tlie  Medical  De|Nirtiiieni  sii|iervisrd  the  native  collectors. 
Tliese  were  guided  by  a  simple,  nontechnical  niamial.  which  explained  met  Inals 
nf  collecting,  |aickiug.  and  shipping  of  adult  ami  larval  s|ieeimens.  Identifi¬ 
cation  wurk  was  |ierfomieil  at  the  sector  Malaria  Laboratory,  to  w-liich  all 
collectetl  s|iecimens  were  sent.  Collectors  were  required  to  fill  mil  data  forms, 
thus  contributing  to  knowledge  of  ltreeding,  feeding,  and  resting  habits.  Iden¬ 
tifications  were  nqmrtrd  liack  to  tlie  surgeon  of  tlie  base  concerned.  with  com¬ 
ments  on  the  relative  importance  nf  tlie  species  ami  preferred  methods  of 
control. 

Many  inspections  and  surveys  were  made  by  the  malariolngnt  and  by  the 
parasitologist,  also  by  the  engineer,  separately  or  in  combination  with  the 
entomologist.  Three  involved  areas  in  British  Guiana,  Surinam,  French 
Guiana,  Saint  Lucia,  and  Trinidad. 

OHmt  waiter?  ag—ctea. — Anti  Ike  Department  medical  laboratory  at 
San  Juan,  abated  with  the  3#9d  Medical  Malaria  Control  Laboratory,  at  Fort 
Read,  the  credit  for  considerable  research  work  related  to  sanitation."*  A 
third  agency,  the  Anglo-American  Caribbean  Cootaiiamon.  also  deserves  com¬ 
ment  in  this  connection : 

INa  Mjr  was  mated  no  a  llarch  IMS  fnr  the  purpose  nf  earwaraatnc  and  Iitrriurthfa 
iaa  aortal  aad  ernanmlr  mfmtln  hetwaea  the  failed  Stairs  of  Aaaerira  aad  Its  posses 
ataaa  aad  hases  la  the  area  kanwa  aroaiaphlrallr  aad  petit  trail?  as  I  hr  t'arlhbraa  arm, 
aad  the  fatted  Xlaudoaa  aad  British  Cotoalea  la  the  maw  area,  aad  to  avoid  aaarressary 
dupMratlna  nf  restart  h  In  these  helds  *  *  *. 
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The  agency  was  located  in  Trinidad,  at  Port  of  Spain.  < ieuenil  health 
and  living  conditions  received  considernhle  ■ittention  on  llie  |»irt  of  this  ad¬ 
visory  group,  which  consisted  of  three  iiienihers  from  each  of  the  two  countries. 
Its  relation  to  malaria  and  malaria  control  was  indirect,  through  its  interest  in 
tlie  overall  program  of  sanitnlioii. 

Airplane  dispersal  of  DDT  in  the  Antilles  Department.  — Lnrvienling 
by  means  of  aiqilanes  laid  lieen  iiiidertnkcii  with  some  success  In-fun-  the  avail¬ 
ability  of  DDT.  At  I»sev  Field,  plane  dusting  with  n  pa ris  green  mix  was 
lists)  to  treat  a  second  growth  mangrove  swiinip  in  the  extra  reservation  area 
in  1!M2:  I.  1  or  I<-4  oliservation  biplanes  were  used.  A  similar  procedure 
was  followetl  in  1  !0.‘t  to  protect  the  Navy  San  Patricio  housing  development, 
along  with  Fort  Iiiicliniiiiii  which  wns  nearhy.  A  Navy  “ilnck"  (amphibian) 
plane  wns  first  employed,  Imt  it  could  not  fly  low  enough  liecinise  of  its  |Mintoons. 
A  “moth”  moiMiroii|ip  was  later  Riilistiliitvd,  with  lietler  results.  Caking  of 
tlie  mix,  deterioration  of  |mris  green,  ami  variable  breezes,  even  in  the  early 
morning,  accounted  for  with*  variatiiai  in  the  emit  nil  achieved,  imt  tlie  expe- 
rienee  wiis  valuable. 

Operations  using  III  IT  were  first  carried  on  at  Camp  Tortnguero,  mid 
(wane what  later)  at  Fort  Ihmdy.  At  Fort  Ihindv,  tlie  li reeling  areas  wen- 
off  tlie  |Mint,  in  mangnive  swani|is  and  jungle,  and  included  |miii<ais  of  tlie 
Ijm  Palmas  river  valley  and  tlie  Rfo  Dngtiao  valley,  where  gnnind  larviciding 
measures  liad  not  proved  successful. 

After  initial  trials,  reliance  was  placed  chiefly  on  airplane  application, 
supplemented  hy  hand  dusting  and  minor  drainage.  Ileforr  this,  in  the  wet 
season,  control  was  never  satisfactory,  ami  malaria  in  civilian  lalmrers  had 
somewhat  handicapped  tlie  construction  of  the  lame.  In  spite  of  extensive  lar¬ 
viciding,  bait  trap  catches  of  .1.  nlhlmim**  had  ranged  up  to  144  per  night, 
per  trap.  The  substitution  of  airplane  spraying  for  all  titiirr  control  pro¬ 
cedures  in  tine  Rfo  Daguao  valley  and  lower  mangrove  ]ssii«j  of  the  lai 
Palmas  river  valley  achieved  remark  able  and  gratifying  results. 

Several  points  were  established  which  were  of  great  interest  at  the  time: 

1.  Spraying  of  DDT  in  diesel  oil  can  he  carried  out  in  wind  up  to  18  to 
20  miles  per  hour.  This  is  impossible  with  parts  green  dusting. 

2.  Eight  to  ten  trips  per  day,  in  familiar  areas,  constitute  the  normal 
service  which  might  he  expected  of  one  pilot,  using  an  L-4  Cub  type  airplane. 
(In  actual  practice,  the  usual  number  of  tripe  per  day  was  fire  or  six.) 

3.  This  provides  for  a  daily  coverage  of  1,000  acres  and  spreads  from  20(1 
to  2SI)  gallons  of  spray  solution.  (When  the  formulation  became  stabilised 
at  &  percent  DDT  in  diesel  oil,  the  rate  of  application  was  one-half  gallon  or 
mote  per  acre.) 

4.  A  swath  30  feet  wide  can  be  satisfactorily  treated  by  flying  13  feet  above 
the  mangrove,  in  moderate  wind. 

A.  Larrieidal  action  remained  in  effect  about  i  days. 
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III  mid- February  11*4."*,  1 1 »*» i v  were  moderately  lienvy  mins  ill  Fort  liiiudy. 
Under  funner  control  programs,  this  would  lutvc  led  to  n  rise  in  tnosi|nito  den¬ 
sities.  However,  efficient  pumping  mid  drainage  systems  were  then  ill  o|iem- 
t ion,  nod  there  wns  ulso  on  application  of  DDT  in  diesel  oil  by  the  1 .  4  I'ijier 
Cub.  As  n  ivsnlt  of  thes«>  combined  inetisiilvs.  trap  eol lections  during  the  Inst 
week  of  tlie  month  averaged  only  <M>  s|ie<'iniens.  During;  ceiliiin  months, 
the  o|ienitioii  of  the  li^rltl  plane  wiis  liani|iered  somewlmt  hy  the  frequency  of 
strong  wimls:  never! heless,  low  Imit  imp  collect  iims  weiv  maintained."7 

Even  first  results  hi  Foil  Ihmdy  were  so  promising  t hut  the  program  wiis 
ex|Mimled  to  include  Fort  ltend,  Fort  Siinoiids,  iiihI  Atkinson  Field.  Some 
spraying  wns  done  with  III  |>en-eii<  DDT  in  diesel  oil,  Imt,  in  most  of  tin*  appli¬ 
cations,  n  *i-|ieivent  solution  wits  used.  One  ipuirt  of  solution,  equivalent  to 
0.1  pound  of  DDT  |>er  were,  proved  adequate. 

Early  npplicntioiis  were  untile  with  mi  L— 4  l’i|ier  Cnh  plane.  ei|iiip|ied 
with  a  Husmaii-Longvoy  spray  ap|Mirntns.  latter,  a  larger  liaison-ty|ie  Jj-1 
plane  was  lists  I  ami  finally  a  <'-17,  c*  [table  of  carrying  two  reinovalile  2;V>- 
gallon  tanks.  Intervals  la-tween  spray  o|ieratimis  varied  fnmi  0  to  st  weeks 
or  longer,  tle|ieiiding  on  nuo|ilieliiie  ilensily  mid  the  niitiire  of  tlie  season  and 
terrain.  In  all  cases,  however,  excellent  ismtrol  was  achieved,  ami,  wlierever 
operations  were  on  a  sufficient  scale  to  Jiermit  the  reduction  or  elimination  of 
ground  control  activities,  very  significant  savings  in  costs  were  realized.  At 
Fort  Dundy,  a  |iermanent  drainage  project  to  cost  approximately  had 

Item  canceled,  and  alternative  procedures  became  mamlatoiy.  Aerial  larvicid- 
ing  proved  to  he  tlie  answer.  In  Trinnlad,  tlie  cancellation  of  a  similar  under¬ 
taking,  estimated  to  cost  $t£VNI0,  made  aerial  larviciding  necessary.  It  was, 
of  course,  successful. 

In  Trinidad,  superior  results  were  obtained  by  having  the  pilot  cover  the 
area  to  he  treated  in  a  decreasing  spiral,  rattier  titan  in  parallel  swat  Its.  Two 
or  three  spiral  flights,  starting  at  the  perimeter,  were  required  to  disperse  the 
amount  of  solution  allotted  for  tlie  acreage  concerned.  This  appeared  to 
remit  in  a  more  even  distribution  of  insecticide  than  parallel  flights. 

The  original  phut  called  for  the  airplane  spraying  of  only  wane  £^NM)  acree 
directly  associated  with  Waller  Field.  As  actually  carried  out,  however,  the 
project  included  the  entire  Fort  Read  area,  a  tract  of  approximately  S/NO 
acres.  This  was  slightly  rolling  terrain,  partially  cleared  of  dense  jungle 
around  the  various  buildings  of  the  post.  Scattered  through  the  heavy  jungle 
were  more  or  less  cleared  areas  which  functioned  as  primary  breeding  sites. 
Complete,  permanent  drainage  for  this  srrragr  would  have  cost  in  the  vicinity 
of  $8^4  million.  Control  for  1  year,  by  use  of  a  C— 47  type  plane,  warmly 
exceeded  tfrt/fiO.  The  degree  of  efficiency  achieved  is  indicated  by  a  total  of 
nnlj'  1.24  Anopkeh*  adults  per  collection  daring  the  peak  of  tlie  rainy  season 
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in  June.  One  year  liefim*,  without  itirphnic  spraying,  I  lie  figure  stissl  at  IH>.2 
adults  per  oil  lection. 

In  territory  requiring  great  nmneiiveinhiltty  of  the  |>lane.  the  I<— f  and 
L-l  types  were  superior,  though  somewhat  mure  ex|ieiisive  to  o|>erate  than 
tlie  0—47. 

As  a  result  of  the  Department  surgeon's  ins|>ecl  ion  of  iinses  in  Onlai  and 
Jamaica  in  Decemlier  1U45,  it  was  recommended  that  a  second  ('-47  plane  In- 
requested  fur  use  in  DDT  spraying  in  the  Antilles  De|mvtment.  With  one 
plane  based  at  Dorinqnen  Field  and  the  other  at.  Waller  Field,  it  was  felt  that 
long  flights  could  lie  eliminated  and  tliut  advantage  roulil  la*  taken  of  optimal 
weather  conditions.  Also,  in  tlie  event  of  a  breakdown,  the  remaining  plane 
might  still  continue  to  sene  the  urea. 

Special  studies  on  methods  for  dis|>ersal  of  insecticides  by  aircraft  made 
use  of  the  110th  and  125th  Malaria  Control  Units  which  Imd  completed  train¬ 
ing  in  Panama,  17  November  1044.  Tlie  technical  assistance  of  tliese  units 
proved  very  valuable.  Although  originally  designated  fnr  service  in  Pacitic 
areas,  hotli  units  were  held  in  Panama  until  15  .Inly  1045.  a  delay  in  movement 
of  3  months  over  onlers  previously  issued.  These  units  hail  previously 
served  in  the  Antilles  Department  ami  were  attached  to  tlie  Army  Sclmol  of 
Malarkdogy  on  a  temporary  basis.  By  General  Ortlers  No.  :t4,  Panama  Canal 
Department,  they  had  been  redesignated  on  2  May  1044,  as  the  110th  and 
125th  Malaria  Control  Detachments. 

Recapitulation and  t— ml — In  the  Antilles  De]iar1iiieiit.  it  was  neees- 
sary  to  locate  many  of  tlie  bases  in  low,  marginal  areas  wliere  extensive  mos¬ 
quito  breeding  was  inevitalde.  Temporary  control  measures  were  usually 
instituted  along  with  first  construction  operations.  Overall  plans  for  the 
hase  provided  for  more  permanent  control  measures. 

In  general,  malaria  rates  were  high  daring  the  first  year,  gradually  drop¬ 
ping  to  a  tolerable  level  as  major  engineering  operations  were  completed.  In 
lMt,  H  was  possible  for  many  posts  to  maintain  satisfactory  control  with  rou¬ 
tine  preventive  practices  and  a  larviciding  program.  In  the  same  year,  the 
uae  of  the  airplane  for  dispersal  of  DOT  made  possible  tlie  treatment  of  amts 
hitherto  inaccessible  and  greatly  cut  the  labor  cost  in  many  localities  where  a 
large  labor  force  had  previously  been  required.  An  airplane  can  cover  in 
a  few  hours  territory  which  requires  days  to  treat  with  ordinary  ground 
equipment.  Certain  costly,  permanent  work  which  liad  long  Item  planned 
was  postponed  or  abandoned  in  favor  of  treatment  from  the  air.  Although 
many  biological  scientists  have  seriously  questioned  the  ultimate  e fleet  of 
continued  air  dispersal  of  DDT  on  the  fauna  ami  flora  of  the  regions  involved, 
there  can  be  no  doubt  that  economic  advantage  clearly  justified  this  procedure 
daring  the  latter  portion  of  the  war. 

As  discussed  previously,  most  of  tlie  preliminary  work  with  airplane  dis¬ 
persal  was  conducted  at  Fort  Hundy.  With  former  methods,  in  spite  of  the 
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combined  programs  of  the  Army  mid  the  I \S.  l*nl>lic  Health  Service,  miiiiinl 
Imit  tra|*i  located  on  swamp  margins  continued  to  give  iino)>heline  cm  dies  t  hut 
were  mulesimhly  high.  For  it  brief  period,  this  reached  over  1,000  specimens 
|>er  night  owing  to  heavy  rainfall.  Salinization  ditches  were  used  to  reduce 
breeding  in  n  mangrove  swamp  to  the  south  of  tile  base,  and  a  pasture,  directly 
west,  was  served  liy  a  pumping  station  witli  a  drainage  and  diking  system. 
Aerial  inrviciding  was  employed  its  an  added  measure,  especially  over  man¬ 
grove  swatn|is  lying  to  t lie  southwest.  When  an  uninterrupted  7-day  eycle 
was  maintained,  the  ituopheline  catch  remained  dose  to  zero.  Similar  results 
were  obtained  by  the  Navy  in  treating  the  Hrngal  Swamp,  near  Snn  Jnan. 

S)>raying  of  the  walls  and  ceilings  of  native  Intis  on  or  near  military  ureas 
with  f»  percent  DDT  ill  kerosene  was  also  tried.  This,  of  course,  was  aimed 
at  reducing  the  ininiliei-  of  infected  mosipiitoeH.  Surfaces  so  treated  retained 
their  toxicity  for  at  least  *2  months. 

Ohler  insecticides  were  also  made  effective  by  improved  techniques.  I'.S. 
Public  Dealtli  Service  ]ieraoiiuel  developed  oil  emulsions  to  replace  straight 
oil  as  a  la rvioide.  More  effective,  anil  less  costly,  the  emulsion  larvicide  was 
much  used  at  Losey  Field,  where  an  M-4  chemical  warfare  apparatus  wns  em¬ 
ployed  in  its  preparation. 

PROBLEMS  OF  U.S.  ARMY  AIR  FORCES  IN  THE  CARIBBEAN 
DEFENSE  COMMAND 

Sixth  Air  Force  *" 

The  predecessor  of  the  Sixth  Air  Force  was  tin*  llHlt  Composite  Wing, 
which  had  been  activated  in  1929  and  was  stationed  at  France  Field,  on  the 
Atlantic  side  of  tlie  Canal  Zone.  The  airbase  at  Alhrnok  Field,  on  tlie  Pacific 
side,  was  opened  in  1032.  During  the  1930‘r,  all  medical  service  to  tliese  troops 
was  provided  by  officers  and  men  on  duty  in  tlie  PCD  ami  assigned  either  to 
Albrook  or  France  Field. 

Approximately  40  emergency  landing  fields  were  available  in  the  Canal 
Zone  and  Republic  of  Panama.  Some  of  these  were  merely  unimproved  pas¬ 
ture  lands,  but  others,  with  various  improvements,  became  of  military  impor¬ 
tance,  with  attendant  medical  problems.  Some  time  was  to  elapse,  however, 
before  the  idea  of  establishing  a  ring  of  outlying  buses  clianged  the  busic 
concept  of  defense  from  that  of  destroying  planes  over  the  Canal  Zone  to  one 
of  preventing  any  enemy  from  coming  within  striking  distance  of  it. 

To  develop  needed  additional  airbases,  and  to  service  them,  tlie  Service 
Command,  Caribbean  Air  Force,  was  brought  into  being  on  18  September  1941. 
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One  week  later,  three  Service  Area  Coininnmls  were  established;  namely,  the 
Panama  Service  Area  Cum  nun  id,  the  Puerto  Rico  Service  A  mi  Cuiiiiiiniid,  mill 
tlie  Trinidad  Service  Aivii  (’onimaml.  The  Service  ('oiiiiiiiiikI  IiikI  control  of 
all  Air  Corps  Stations,  Air  ('or|>s  liases,  mid  Air  Dr|Mits  in  the  Cnriblienii 
Defense  (oniinainl,  including  all  service  |ieiNonnel,  service  units,  and  tixed 
installations  thereon  locnteil.  Combat  units  were  thus  left  free  to  engage  in 
training  or  lighting,  ns  occasion  illicit  demand.  As  n  nintter  of  record,  it 
should  lie  stated  that  the  Piiiiiiuia  Aren  Serviiv  ('oniniiiud  never  o|ienited 
under  an  approved  table  of  organization  and  was  eventually  nlisorlied  by  the 
Service  Coniuiaiid  itself. 

Under  n  reorganization  in  February  UHU,  the  19tli  Coni|>osite  Wing  was 
made  to  include  the  I’auania  Air  Depot,  in  addition  to  a  iinnilicr  of  newly 
activated  units.  The  lirst  use  of  the  term  “Air  Force,"  in  connection  with  tliese 
units  was  in  November  1940.  when  the  Panama  Canal  Itepnrt meiit  Air  Force 
was  Motivated  and  assigned  to  Albrook  Field.  Certain  Signal  and  Ordnance 
Corps  components  were  included,  in  addition  to  all  units  making  up  the  19th 
Composite  Wing.  Maj.  William  It.  Wilson.  MC,  wus  designated  ou  27  •liiinmry 
1941  is  Surgeon,  Puuunia  Canal  Department  Air  Force. 

Major  Wilson  was  replaced  by  Lt.  Col.  Ernest  F.  Harrison,  MC,  who 
arrived  in  Panama,  19  October  1941,  and  was  announced  ns  Surgeon,  Carile 
liean  Air  Force,  2  days  later.  Maj.  (later  Col.)  John  It.  Herman,  MC,  for¬ 
merly  Surgeon,  Albrook  Field,  liecame  assistant  surgeon.  Practically  all  of 
the  planning,  organization,  ami  supervision  of  medical  serviies  during  1942 
fell  to  these  two  oftcers.  This  was,  of  course,  the  year  of  greatest  expansion 
and  development.  In  Februaty  1942.  Colonel  Harrison  visited,  in  jiersoii, 
Curacao,  Aruba,  Trinidad,  Surinam,  Saint  Lucia,  Antigua,  Saint  Croix, 
Puerto  Rico,  the  Dominican  Republic,  Haiti,  Cuba,  Guatemala,  Nicaragua,  and 
Costa  Rica. 

The  subsequent  history  of  the  Panama  Canal  Department  Air  Force  was 
aa  an  integral  part  of  the  newly  formed  Caribbean  Defense  Command,  the 
headquarters  of  which  were  activated  8  May  1941,  at  Quarry  Heights.  All 
Air  Forces  of  the  Panama  Canal  Department,  together  with  those  of  the 
Puerto  Rican  Department  and  the  Trinidad  Base  Command,  were  immediately 
combined  into  the  Caribbean  Air  Force. 

Because  the  Caribbean  Air  Force  had  been  given  practical  autonomy 
by  the  commanding  general  of  the  Caribbean  Defense  Command,  it  became 
necessary  to  clarify  the  division  of  medical  responsibility.  In  February  1942, 
the  Army  Ground  Forces  of  the  Panama  Canal  Department,  IWo  Rican 
Department,  and  Trinidad  Base  Command  retained  responsibility  for  en¬ 
vironmental  sanitation,  veterinary  inspections,  all  quarantine  measures,  new 
water  supply  projects,  medical  supply  and  related  inspections,  and  also  for 
general  hospitalization  and  evacuation  to  general  hospitals. 
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All  oilier  medical  service  of  the  Air  Force  operated  inde)>endently  for  the 
next  year  and  a  half.  It  will  be  seen  that  long-ninge,  ]iemianent  projects  for 
malaria  control  reinnined  in  the  hands  of  the  Army  Ground  Forces  which 
we iv  responsible  for  ‘‘environmental  sanitation.'’ 

On  (i  March  1912.  t lie  (’aribliean  Air  Force  was  redesignnted  the  Sixth 
Air  Force.  Colonel  Harrison,  as  surgeon,  headed  the  medical  section  of  tliat 
headquarters. 

The  Trinidad  ami  Puerto  Rican  areas  required  the  Air  Force  to  face  a  more 
serious  malaria  problem  than  had  been  encountered  in  Panama.  Whereas 
permanent  drainage,  filling,  and  construction  projects  had  rendered  tlie  (anal 
Zone  relatively  safe,  a  large  nnnilier  of  new  stations  and  oiit|Mists  thronglMHit 
the  Antilles  were  lieing  established  in  wholly  nusanitated  surroundings,  insofar 
as  malaria  was  concerned.  In  some  regions,  80  |ierrent  of  tlte  native  )topnhi- 
tion  were  infected.  It  is  not  strange  tliat  the  primary  malaria  rale  skyrocketed 
from  the  old  average  of  70  |»er  1,000  per  annum  (Panama  Canal  Department) 
for  the  years  1010  and  1011  to  a  peak  in  June  1IW2  of  *23:1  per  1,000  j»cr  annum 
in  military  personnel. 

During  this  year,  numerous  airlmses,  airtlnsnes,  and  air  warning  outposts 
were  establislied.  This  defense  system  involved  Air  Force  installations  fnan 
Guatemala  to  Peru  and  from  the  Greater  and  Lesser  Antilles  to  the  GaM|Mgtis 
Islands  in  the  Pacific.  The  Pannma  Area  included  airbases  at  Alhruok  Field, 
Howard  Field,  France  Field,  Kfo  Halo,  Guatemala  City,  Salinas,  Ecuador, 
Galapagos  Islands,  and  David,  R.  de  P.,  with  auxiliary  airdromes  at  Chame, 
Agttadulce,  la  Chorrera.  and  la  Joya,  all  in  the  Panamanian  Republic. 

The  Puerto  Rican  Area  included  the  airbases  at  Borinqnen  Field,  I/wry 
Field,  Benedict  Field,  and  Cool idge  Field. 

The  Trinidad  Area  included  airbases  at  Waller  Field,  Beane  Field,  Hato 
Field,  Zanderij  Field,  and  Atkinson  Field. 

The  farther  establishment  of  numerous  aircraft  warning  stations  made  the 
malaria  problem  much  more  real.  Many  of  these  were  quite  isolated  and  could 
only  be  reached  by  boat,  after  a  48-hour  trip.  Organisation  of  the  Medical 
Detachment,  558th  Signal  Aircraft  Warning  Battalion,  dated  from  7  March 
IMS.  When  this  battalion  was  disbanded  and  replaced  by  the  516th  Signal 
Aircraft  Warning  Regiment,  the  Medical  Detachment  was  increased  to  9  oA- 
cers  and  67  enlisted  men  (eventually  to  98).  Dispensaries  were  operated  at 
Howard  Field,  Quarry  Heights,  and  Fort  Gulick. 

By  September  1943,  evacuation  facilities  had  been  much  improved,  per¬ 
mitting  the  medical  officer*  to  spend  more  lime  on  inspection  trips  and  the  su¬ 
pervision  of  sanitary  maintenance.  As  a  result,  the  incidence  of  malaria  was 
reduced  to  rates  comparable  to  those  found  in  more  sanitated  areas.  In  accord¬ 
ance  with  published  orders,  Atabrine  prophylaxis  was  discontinued  in  October 
1944.  It  was  believed  that  the  malaria  rate  did  not  increase,  because  of  the 
vigilance  of  the  men  in  carrying  out  all  other  measures  for  malaria  prevention. 
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As  tin  outgrowth  of  t  lie  orpin  i  Kill  ions  listed  idiow,  the  A.VIt  li  Si  gnu I  Aircraft 
Warning  Battalion  was  activated  -2.'>  Novetnlier  I !>44. 

The  Mnlintl  Service  of  tlie  Sixth  Air  Force  inevhnhly  liecnnie  interested 
in  the  <lis|tersal  of  DDT  front  nirphtnes  for  tlie  moirol  of  insert  vector*  >>f 
disease.  Various  tests  and  achievements  within  tlte  territory  of  I  lie  Carildieiin 
Defense  Command  have  I  teen  discussed  previously.  These  rest  ills,  and  similar 
reports  of  success  in  many  theaters,  led  the  Office  of  tlte  Air  Surgeon,  Washing¬ 
ton,  D.C.,  to  pro|Mise  the  activation  and  l  raining  of  Air  Forte  insect  control 
units.  Sttcli  units  were  to  consist  of  certain  ex|ierieiicetl  living  |>ersoiuiel 
trained  in  low-level  flyiti|i,  together  wit  It  imilariologixts,  entomologists,  and 
sanitary  engineers,  in  adilititni  to  necessuiy  ground  and  siqqiortiug  element*.1*’’ 
Notice  to  this  effect  was  sent  the  surgeon  of  the  Sixtli  Air  Force  on  3  Mav  1 
It  is  not  kiHtwn  if  any  sncli  units  were  ever  activated  for  service  in  the  Carih- 
bean  Defense  Command. 

The  Air  Transport  Command 

Tlte  Caribbean  Wing  (later  redesignated  tlte  CariUiean  Division )  of  tlte 
Air  Transport  Command  liecame  of  greatest  importance  during  the  latter  half 
of  the  aar.  It  had  its  malaria  problems,  hilt,  being  forewarned,  was  fore¬ 
armed  and  of  course  made  use  of  well -developed  ami  already  sanitated  fa¬ 
cilities.  Excellent  general  malaria  control  ami  individual  discipline  werr 
reported  from  Atkinson  Field, ,M  only  two  cases  of  malaria  having  occurred 
over  an  extended  period.  Tlte  flight  surgeon  carried  on  a  |>mgrani  of  medical 
education  liere  as  at  other  liases.  Transient  perwmnel  werr  briefrd  daily  with 
particular  stress  on  malaria.  Suppressive  treatment,  individual  preventive 
measures,  and  the  use  of  the  Aetosol  bomb  were  given  emphasis.  A  4-hour 
malaria  course  for  officers  and  enlisted  men  was  re|ieat«I  every  few  moot  Its. 

At  Waller  Field,  only  one  case  of  malaria  was  reported  during  3  months. 
Bed  nets  were  required  and  liariarks  were  sprayed,  though  tlie  HBciemy  of  tlte 
latter  might  he  doubted  as,  at  first,  open  barracks  prevailed  and  only  Aerosol 
insecticide  was  available  for  much  of  the  time.  Spraying  time  was  increased 
in  an  attempt  to  compensate  for  this.  For  the  last  3  smiths  of  1W4,  there  was 
no  malaria  among  Air  Transport  Command  personnel  at  Waller  Field.  As 
reported  on  1  January  IMS,  mosquitoes  were  few,  a  reflection  of  the  eMrienry 
of  the  insect  control  program.  The  poet  was  well  drained,  the  bn  rark*  well 
screened,  all  screens  were  inspected  at  least  once  a  week,  ami  a  continuous 
program  of  oiling,  spraying,  and  clearing  was  in 
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The  Caribbean  Air  Command,  1946 


The  niiilnriii  rates  among  personnel  in  the  Carilibeaii  Air  Command  for 
September  1046  are  shown  in  tlte  following  tabulation : 


I'Klt  <  jMClMrfittf  IHkUlfl) 

Allinnk _ 

Hu  A’ard _ 

Frame _ 

Bortmiueo _ 

Panama  Coastal  Frostier— 
Caribbean  Coastal  Frontier 
Kntlrr  Command _ 


Mtte  per  I.###  pt r 
tell  rmirroli 

_  5.1 

_  5.  n 

_ 21. 1 

-  tt.5 

-  3.2 

- .  4.3 

4.72 


No  clinical  malnria  was  present  at  the  Pnnanin  Air  Depot,  Ilk)  Hato, 
Beane  Field,  Coolidge  Field,  Verna tn  Field,  Atkinson  Field,  Waller  Field,  or 
their  satellites. 

It  will  lie  noted  that  no  primary  malaria  wennel.  During  tlie  previous 
month  (August  1046),  the  primary  rate  for  the  Caribbean  Air  Command  was 
.j.0 ;  for  September  1045,  it  had  been  0.6. 

The  good  results  shown  in  this  particular  report  reflected  the  assum|ition 
of  part  of  the  control  work  by  jwnt  engineers.  This  work  had  previously  been 
performed  by  hiring  laborers  who  were  paid  out  of  Medical  Department  funds. 

Airplane  spraying  of  DDT  was  also  beginning  to  make  itself  felt.  By 
this  time,  such  procedure  had  become  routine  at  Howard  Field,  Franre  Field, 
and  Rio  Hato  Air  Field  in  the  Panama  coastal  frontier  area.  In  the  Carib- 
b>  .m  coastal  frontier  area,  airplane  spraying  was  being  used  when  necessary. 
At  all  outpost  stations,  individual  protection  was  emphasised. 


COOPERATING  ORGANIZATIONS  (NONMIUTARY) 

The  Rockefeller  Foundation 

The  history  of  malaria  control  in  this  area  during  the  war  years  was  in¬ 
timately  involved  with  the  previous  and  continuing  activities  of  the  Inter¬ 
nationa]  Health  Division  of  the  Rockefeller  Foundation.”*  Malaria  surveys, 
field  studies,  and  control  activities  were  carried  out  in  Puerto  Rico  from  1920 
to  1936.  In  1924  and  from  1940  to  1943,  surveys  and  field  studies  were  con¬ 
ducted  by  the  Foundation  in  Haiti.  From  1928  to  1933,  Jamaica  had  received 
similar  attention.  There  were  Foundation  malaria  projects  in  Costa  Rica, 
1928-46;  Honduras,  1927 ;  Nicaragua,  1920-25 ;  Panama,  1926-39 ;  El  Salvador, 
1934-42;  Cuba,  1935-42;  British  Uuiana,  1938-46;  Trinidad,  1941-W;  and 
Colombia,  1929, 1932-48. 
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U.S.  Public  Health  Service — Malaria  Control  in  War  Areas  ,a 

The  office  of  MCWA  was  ewlnhlislied  in  Kekrnury  l!42 to  organize  a 
control  program  which  would  utilize  the  resources  of  tile  Work  Projects  Ad* 
ministration  and  State  health  tle|Mi  time  ills,  supplemented  by  direct  o|>erations 
on  the  jwirt  of  the  I'.S.  Public  Health  Service  when  other  resources  were 
inadequate.  Control  work  outside  military  reservations  was  closely  integrated 
with  that  carried  on  by  military  authorities  within  tlie  boundaries  of  the 
various  |mn4s.  0|>erat  ions  began  17  March  114*2. 

Insofar  as  tlie  Caribbean  defense  Command  was  concerned,  activities 
centered  in  l*iiertoKieosiid,  ton  lejeterMteiiRin  Jamaica. 

liy  tlie  end  of  1141,  the  Navy  had  begun  tlie  vast  ltoosevelt  Roads  Naval 
Base,  and  Puerto  Rico  became  strategically  ini|M>rtaiit  in  many  ways.  It  was 
a  base  for  antisubmarine  operation  by  bnth  sea  ami  air.1''1  Military  installn- 
tions  were  located  for  tactical  and  strategic  purposes,  of  course,  and  this 
usually  involved  localities  w  lie  re  both  liypereiideinic  malaria  and  infected 
mosquitoes  were  to  be  found.  All  Army  ,  torts  exce|U  IVirinqnen  Field  were 
poorly  located  in  this  mqiect,  as  were  tlie  two  major  naval  bases  at  Ensenada 
Honda  and  Vieques.  Night  duty  was  especially  liazanlons  at  coast  artillery, 
searchlight,  ami  antiaircraft  inslallatioiis.  One-third  of  tlie  first  group  of 
marines  sent  to  Vieques  island  came  down  with  malaria  within  11  montlis  after 
landing  there. 

During  1941,  an  attenqit  was  made,  utilizing  Work  Projects  Administra¬ 
tion  labor,  to  carry  out  antinialaria  work  near  military  bases.  This  effort, 
sponsored  chiefly  by  the  Insular  Health  Department,  came  to  very  little  be¬ 
cause  of  material  ami  equipment  shortages  and  lark  of  trained  personnel. 
The  malaria  attack  rate  in  military  personnel  continued  to  rise. 

When  MCWA  began  operation*  in  lhierto  Rico,  it  was  agreed  with  the 
Insular  Health  Department  that  all  antiauopheline  projects  around  military 
bases  would  be  carried  out  directly  by  the  PA  Public  Health  Service.  This 
enabled  local  funds  to  be  concentrated  chiefly  on  malaria  control  in  rural  arras 
and  civilian  population  centers,  with  particular  emphasis  on  the  provision  of 
ant  ima  la  rial  drugs. 

Malaria  Control  iu  War  Areas  confined  its  first  work  to  the  vicinity  of 
the  four  major  Army  posts  and  the  two  naval  bases  mentioned  previously. 
The  Army  poets  were  Fort  Buchanan,  Lossy  Field,  Camp  O'Reilly,  and  Camp 
Tortagaero.  The  Amy  and  Navy  did  as  much  intraeaatoaaieat  work  as  possi¬ 
ble,  while  the  I'A  Public  Heulth  Service  devoted  itself  primarily  to  extra- 
cantonment  activities.1" 


“*•*  a  4410—1  merlin  Malaria  Cwtnl  la  War  Iran  la  nOHri  th—aahmt 

•(Mr  pawl—  a*  |Ma  a— ttaa  a  ad  ara*  aat  hr  d—llratrS  Ian. 

*“  Malaria  Caatral  la  War  Aiaaa,  1*41-43,  r.  M.  la  Waanaary  mt  ArtlrMfca.  OOrr  al  Malaria 
Caatral  Is  War  Arraa,  VA  PakMe  ttraltk  Srnka.  IMS-44. 

*•  Pratt  H.  ak4  SWektaa.  P.  A. :  Hlarary  mt  MCWA  Op-tt—  la  Parrta  Khra.  IMS  1*44. 
lOOrial  rm»r4.| 

m  Saik-a.  J. :  VW  frevrattaa  mt  Malaria  Am*  tbr  Military  Parrsa  la  Parrla  Mea.  Mat.  Saar. 
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Four  types  of  extriirnutonmeut  control  wen*  available,  nil  calculated  to 
mince  tin*  nnmliers  of  mosquito  larvae.  Tliewc  weiv  t lit*  ( I )  use  of  |Niris  green 
(a  stomach  poison),  (2)  ust*  of  oil  (acts  primarily  <hi  respiratory  orpins), 
(:))  drainage  projects  t  designed  to  remove  water  lie  fore  a  generation  of  mos¬ 
quitoes  can  lie  produced),  mul  (4)  tilling;  o|ientt ions  (to  elimiimte  depressions 
in  wliidi  water  often  stands). 

Miminiide  breeding  places  were  very  common.  At  Fort  Miiclinnan,  the 
incidental  tilling  of  drainage  ways  Imil  caused  Dims  ling  into  old  |Histnre  lands, 
sugarcane  fields,  and  mangrove  swant|>s.  At  t'aiup  O'Keilly,  a  network  of 
roads  (witlamt  culverts)  at  the  very  center  of  the  encninpinent  hud  dammed 
the  ditcltes  and  thus  formed  breeding  places,  while  Isirrow  pits  mid  old  stream 
channels,  not  tilled  in,  produced  mosquitoes  in  the  inmieiliiite  vicinity  of  the 
barracks.  At  Kuseiiiida  llondu,  also,  roadbtiihling  and  general  leveling  lind 
blocked  many  drainage  eonrses,  and  the  constant  efforts  of  over  a  hundred 
laborers  were  requiml  to  keep  conditions  fnati  becoming  u  menace. 

At  Fort  Kitehanaii  and  Iriisey  Field,  sultsoil  tile  was  tirst  employed  in 
drainage  projects.  latter,  Imwever,  centrifugal  pauqis  were  usetl  ill  low-lying 
areas,  not  only  to  lift  water  from  below  sea  level  but  also  to  facilitate  drainage 
from  land  not  more  than  .*1  feet  above  sea  level.  The  water  was  led  off  through 
large,  open,  outfall  canals. 

Larviciding  crews  were  employed  in  die  afternoons  ini  minor  drainage 
work,  wlienever  winds  became  too  strong  to  ihi  effective  dusting  with  |iaris 
green.  During  the  more  active  breeding  season,  water  was  not  allowed  to  go 
undrained  or  untreated  in  any  plan  for  more  than  a  week,  as  this  time  repre¬ 
sented  the  development  fieriod  of  ■  mosquito  generation  umler  favorable  con¬ 
ditions;  2  days  for  the  eggs,  1  day  for  each  of  tlie  four  larval  stages,  and  1 
day  for  the  pupa. 

It  was  difieult  to  evaluate  the  merits  of  larviciding  and  drainage  as 
compared  with  measures  aimed  directly  at  tlie  adult  mosquito,  Hera  use  of 
improvements  in  types  of  mosquito  traps,  nightly  counts  of  captured  adult 
anophrlinea  sometimes  roar,  even  when  Held  control  conditions  were  becoming 
increasingly  effective.  Certainly  the  “safe  index”  under  one  art  of  crawl  it  km* 
cannot  be  taken  as  reliable  in  another  sett  ing,  though  tlie  MCWA  did  use  aw 
index  of  ‘•5’’  as  a  tentative  aiming  point  for  keeping  malaria  at  a  minimal 
level.*1' 

Mosqu itopronHng  of  barracks,  Hup|dement«*d  liy  spray  killing  of  the  few 
mosquitoes  which  succeeded  in  entering  buildings,  mint  receive  a  great  deal 
of  credit  for  reducing  malaria  transmission  but  only  in  |Mrtnership  with  at¬ 
tacks  made  concurrently  on  tlie  breeding  grounds  of  tlie  vector  harts.  It  would 
be  unfairto state  that  antiadnlt  pmcerlures  were  chiefly  mqamsiMe  for  niarkerl 


•Bfwlfnwi.  I.  w  :  AitMark  anwn  far  Ikr  ITarrul.a  at  Miaurj  l*rnrnmri  la  l‘arrta 
Blca  a  at  TMr  ApfltaMDly  ta  Clrlllaa  Malaria  CaaOwl.  Caatia  Blra  4.  Pah.  IlmlU  4  Trap.  Bri 
*•:  IIMM,  Jaa<-  IMS. 
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decreases  ill  the  iiH'iilence  of  iiniliiriii  miioiif*  tlie  tr<Hi|>s.  Also  ini|>ortnnt  is 
(lie  fuet  tlmt  iip|Niretit  decreases  in  iinilnriu  usually  needed  inler|ireliilion. 
Knrly  morbidity  iy|kh1s  did  not  distinguish  1*0  ween  |ii*iiinii*y  ill  hicks  mid  re¬ 
current  conditions,  wliereiis  Inter  re|mrts  did.  Intelligent  minpm  isoiis  required 
«•» refill  study. 

A  |M)int  of  interest  brought  out  in  tlx*  ltolieu  iv|Mtrt  '  "  is  ihnt  lurviciding, 
nsnnlly  ndvocnted  where  dm  iniigc  cnliiiot  yet  !>c  imderlnkcn,  wiis  in  rely  effect  ive 
in  Puerto  Rico  until  nfter  n  ceilnin  iinioiiut  of  |ireliniimiry  dniimige  Inid  lie«-n 
accomplished.  This  redm-ed  tin1  I  ms-ding  mens  to  n  |*>int  wliere  mil  control 
in  it'll!  lie  mvoinplislietl  with  the  fncilities  uvniluhle.  Otlierwise,  in  spite  of 
a  good  larvae  kill  (ttlpereent  with  pnris  green),  uinterinls  and  labor  were  often 
wasted. 

A  malaria  Umrd  wns  formed,  consisting  of  the  Antilles  I>e|Nirtineut 
malaria  control  officer,  a  representative  of  tlie  Co|-|*s  of  Kugineers,  I'.S.  Army, 
and  tlie  Chief  of  Operations,  MCWA.  This  bmiril  visited  various  I'.S.  Army 
posts  tlimnglMHit  tlie  Carilibeaii.  including  those  in  leased  territory  One  out¬ 
come  of  this  visit  was  tlie  iustitut  ion  of  mi  extrneniitninnent  program  in  the 
vicinity  of  Fort  Simoiids  in  UM4.  I'misinil  rainfall  late  in  1945  created  a 
special  problem  lien*,  which  was  met  by  weekly  spraying  from  tlie  air  with  5 
percent  DltT  ill  diesel  oil,  utilising  a  plane  based  on  Horiiapien  Field. 

In  11)15,  theI'.S.  Public  Health  Service  carried  out  ail  urban  malaria  con¬ 
trol  project  at  Ponce  in  «  jpt-ratiou  with  tlie  Insular  Health  De|mrtmeiit  ami 
the  Puerto  Rican  Work  IVojects  Atlmiiiistration.  Tlie  next  year  saw  a  1>1)T 
residual  spray  project  at  Santa  Isabel.11* 

Tlie  MCWA  field  station  in  Ihierto  Rico  rendered  monthly  reports  on  its 
activities  for  the  entire  |ieriod,  1942-45.  Tliese  were  submitted  to  tlie  Division 
of  States  Relations,  U.S.  Public- Health  Service,  until  tliat  Division  became  part 
of  the  Itureuu  of  State  Services,  after  wliicli  rcjsirts  were  sent  to  that  office. 

In  the  fall  of  1945,  tlie  M<  1VA  notified  both  the  Anny  ami  the  Savy  that 
it  projsised  to  clow  out  its  ope  rat  ions  in  Puerto  Rico,  lloth  arms  of  tlie  sen  ice, 
however,  requested  that  the  UA  Public  Health  Sen  ire  continue  its  iq>r  rations, 
modified  in  accordance  with  need  and  availability  of  funds.  This  was  approved 
by  the  Federal  Security  Administrator,  after  which  a  joint  malaria  control 
organisation  was  established.  The  administrative  body  was  the  Joint  Army* 
Xavy-Air  Fone-ILS.  Public  Heahli  Sen-ice  Malaria  Control  Committee,  to  be 
known  later  as  the  Joint  Armv-Xavy-Air  Font-UA  Public  Heahli  Service 
Malaria  Control  Board.  This  agency  continued  to  function  until  about  mid¬ 
year  1950.  The  coordination  of  intracantonment  and  extracantonnient  activities 
under  this  arrangement  appears  to  liave  been  excellent. ’** 

After  the  war,  the  “Malaria  ('out nil  in  War  Areas  Program"  of  tlie  IJ S. 
Public  Health  Sen-ice  was  superseded  by  the  “Extended  Malaria  Control  Pro- 


Hf9  fOBfMfl)  IM.  p.  241. 

**  fwfwtH  155.  p.  341. 
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grain."  Whereas  the  first  was  nilcnhitrd  to  protect  military  ]M>rsnnm>l  fnmi 
malaria  indigenous  in  war  amis,  (lie  second  was  ilcvised  to  forestall  tin*  |mm- 
sibilitv  of  the  transmission  of  ninlarin  fixiui  returning  servicemen  to  civilian 
imputations.  Residual  spmying  of  houses  with  DDT  was  uinlertakeii  in  Puerto 
Rico  on  an  experimental  latsis.  The  village  of  l'lnya  <le  lluinacao  was  sprayed 
three  times  at  intervals  of  I!  months.  Hlood  film  surveys  over  tla*  |ieriod  con¬ 
cerned  showptl  a  drop  in  |msitive  jiercentage  from  '».H  in  Novemlier  1!>44  to  <).!> 
in  November  liU.V  In  tlie  imspniyed  village  of  l/i>iza  Alden,  the  |ier<eiitages 
were  4.7  and  :i.«,  mi  corresjsnnling  dates.  These  ilesirnhle  results  of  the  residual 
spray  program  are  all  the  more  striking  since.  1.  the  principal  vector, 

seldom  renin  ins  within  houses  e.x<-e|*  for  a  few  hours  during  the  night  and 
thus  has  no  extended  o|i|mrt  unity  to  acquire  a  lethal  dose  of  DDT. 

Inter-American  (Cooperative  Health  Services 

A  force  affecting  at  least  indirectly  Itotli  tlie  liealth  of  tnaqis  am]  tlie 
health  of  civilian  labor  in  the  American  Tropics  was  tlie  Institute  of  Inter- 
American  Affairs.  Key  defense  areas  ami  those  producing  critical  war  mate- 
rials  received  |Mrticular  attention.1*’  Tlie  establishment  ami  su|tervisitNi  of 
airfaases,  tlie  protection  of  rtihlier  workers  in  tlie  Aniaaon,  and  the  sanitation 
of  camps  for  highway  anil  railroad  workers  all  furnished  occasion  for  activity, 
especially  in  the  field  of  malaria  control. 

The  malaria  program  was  part  of  a  concentrated  health  campaign  entered 
ii|H>n  jointly  by  IS  American  Republics,  including  the  United  States.  At  a 
meeting  of  American  foreign  ministers  in  January  1952,  the  importance  of  the 
mobilization  of  vital  forces  was  recognized,  and,  1  month  later,  the  Health  and 
Sanitation  Division  was  establislied  in  the  OSce  of  tlie  Coordinator  of  Inter- 
American  Affairs.  It  became  the  responsibility  of  this  Division  to  extend  ami 
amplify  the  work  done  by  the  Rockefeller  Foundation  (International  Health 
Division)  and  the  consultant  services  of  the  Pan-American  Sanitary  Bureau. 

The  Institute  of  Inter-American  Affairs  was  a  corporate  unity,  set  up  by 
the  Coordinator  of  Inter-American  Affairs  to  administer  funds  and  execute 
cooperative  agreements  between  the  United  States  and  other  American  Re¬ 
publics.  Funds,  voted  fay  the  US.  Congress,  wen  assigned  to  the  Institute  lor 
administration.  By  mutual  agreement,  each  republic  formed  a  cooperative 
health  service,  as  an  integral  part  of  its  National  Department  of  Health.  Any 
project,  such  as  malaria  control,  was  the  joint  responsibility  of  the  field  repre¬ 
sentative  of  the  Health  and  Sanitation  Division  of  the  Institute  of  Inter- 
American  Affairs  and  a  representative  of  the  National  Depart ment  of  Health 
of  the  republic  concerned.  Technical  field  parties  sent  from  the  United  States 

■UU,  V.  a.:  A  rnHstmni  levari  as  Malaria  Caatral  fcy  DOT  ZaaMaal  Sprajlaff.  J.  Hat. 
Malaria  Baa.#:  Jaaa  1M1. 

m  Daakas,  O.  C. :  Malaria  Caatral  AritritWa  at  tkr  laalttata  •*  IKn-iumoi  Affair*.  J,  Xat. 
Malaria  Baa.  S:  Si-M.  Marrk  IMt 
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were  supplemented  by  local  personnel.  Funds  and  equipment  were  also  sup¬ 
plied  from  both  sources. 

Towns  in  the  Republic  of  Panama  which  lay  ulong  the  Inter-American 
Highway  and  the  Trans-Isthmian  Highway  received  malaria  coutml  sanitation 
under  a  continuing  project  directed  by  the  Chief  Health  Officer,  the  Panama 
Canal.  In  that  connect  ion,  the  Chief  Health  Officer  acted  as  representative  of 
the  Office  of  the  Coordinator  of  Inter-American  Affairs.  The  Iwnelit  to  the 
military  was  obvious,  as  many  of  these  towns  were  close  to  military  installations, 
and  were  visited  frequently.  Two  objectives  were  sought :  llte  reduction  of  the 
ganietocyte  reservoir  and  the  reduct  ion  of  the  adult  anopheline  vector 
population. 

Though  conceived  in  resjsmse  to  an  emergency  situation,  the  machinery 
set.  up  by  the  Inter-American  Cooperative  I*ublic  Health  Services  was  ilestined 
to  develop*  )>atteni  for  continued, cooperative  effort  ill  the  field  of  international 
public  health.  Tlie  translation  into  Portuguese  of  “Practical  Malariology." 
a  National  Research  Council  publication,  for  the  lienetit  of  malariologists  work¬ 
ing  in  llraail,  is  an  example  of  postwar  activity  on  the  part  of  the  Institute  of 
Inter-American  Affaire. 


MISCELLANEOUS  MATTERS 


Allocation  of  DDT 


When  DDT  was  available  in  pounds,  rather  than  tons,’*4  very  careful 
calculations  were  made  to  insure  a  fair  distribution  to  all  theaters.  For  ex¬ 
ample,  recommended  allotments  out  of  the  50,000  pounds  available  for 
larvkiding  purposes  in  April  1944  were  as  follows; 


■■wtOwist  Pari  Or _ _ _ 12,  MO 

talk  PariXc. . 12.000 

CMaa-Bmaa-IMIa  . -  10,  MX 

Nerth  Africa-- . 10.000 

1IIH.  Baat _ _  2.0M 


CarMaa  Urfam  Coaanaad _  1,  MX 

Howth  Atlantic _  M0 

I'aaTaal  n^X 

CoaUaeatal  Unite*  Mate*. .  1,  MX 

Special  am. . M0 


The  Caribbean  and  South  Atlantic  Command*  together  were  thus  allotted 
only  WQ0  of  the  BtyOOO  pounds,  or  4  percent.  This  does  not  mean  that  the 
malaria  problems  of  these  areas  had  become  t ri vial,  but  rather  that  the  majority 
of  troops  therein  were  at  established  poets,  protected  by  permanent  control 
measures,  a  ait  mat  ion  which  contrasted  sharply  with  the  shifting  conditions 
imposed  by  combat  activities  in  undeveloped  countries. 


"*ff  fitutwlr  §  (4),  p,  1241. 

"*  Miwmiim,  Mai.  O.  I.  McC»r,  MC,  Wwrtrr,  Tropirtl  Umm  Ofttnl  IHrtotoa  f*r  ibe 
Q— rtffrtfr  Ownl,  itlMTlM :  MaJ.  Alla*  K.  Kn^,  3*  Mar.  1M4,  iwijrrt :  IHIT  f mr  MmmpiH* 
UnrfcWr  Car. 
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Anophcline  Vectors  West  of  the  Andes 

On  the  west  cons!  of  South  America,  three  s|ireies  of  . I mi/ihf/t*  arc  im¬ 
portant.’**  Aiiophele*  ulbitiuiniix  occurs  mostly  below  iMM)  feet  hut  Inis  been 
reeonleil  from  nltitmles  ns  high  us  5,000  feet.  The  egg  of  this  s|«ecics  is  some¬ 
what  resistant  to  drying  niul  survives  ut  trust  in  the  nmister  mini,  throughout 
the  rainless  season.  .l»»/di7c<  /wW«/ww7(/r«»M  is  never  found  ul  sen  level. 
Its  ni up* extends  from  around  tUlti  to  smiiething  less  thnn  Ht.lNNt  feet.  .Iwi/iAc- 
Ira  pMnctuiuuiifu  is  found  from  sen  level  to  5,tNNl  feet  nml  is  often  associated 
with  tlie  culture  of  rice.  As  it  prefers  aiiiuinls  to  mini,  it  is  res|Minsihle  for 
the  transmission  of  luiiiiau  iiinlarin  only  when  relatively  iihimdnnt. 

Ill  Colombia.  ’**  .1.  ifiirlitif/i,  ,1.  tilhitiir»}*.  .1.  /iimcHumi'iilii,  .1.  /mmiii/- 
amt  .1.  mil'll!  have  Is-eii  found  niitnrall.r  infected. 

In  lVrn,.l.  /mr miii/miir/ifH'iniin  is  tlie  principal  vector,  hut  .1.  finurthmiruhi 
pmliahly  also  plays  a  part."1’  Tlie  latter  s|iecies  was  known  in  Pern  Itefore 
1042  but  is  now  coiiiiiiihi  in  the  district  of  Lima  ami  np|>eiir*  to  lie  increasing. 
Surveys  pnhlislied  in  1044  re|Nirted  s|M>n*»iites  ill  tin-  salivary  gland*  of  at 
least  six  s|ieeiiiiens. 

lly  means  of  precipitin  tests,  t source  of  blond  contained  in  the  stomachs 
of  m  |  mi  red  female  mos<|nitoes  may  he  determined.  In  Peru,  .1.  pHHctimiun/u, 
which  is  found  only  in  tlie  coastal  region,  is  definitely  a  human  feetler  wlierever 
it  occurs.  Tlie  two  races  of  .1.  pxrmhifiHnrfi/MMHiM,  however,  differ  in  this 
rrs|iect.  The  form  which  predominates  on  tin*  eastern  slofie  of  the  Amies  is 
markedly  androphilic,  but  tlie  coastal  variety  is  much  less  so.’*' 

Ill  a  certain  malarious  coastal  Tillage  of  Peril,  tlie  local  form  of  .1.  /im-rnlo- 
has  been  shown  to  prefer  almost  any  common  domestic  animal 
to  man,  and  the  donkey  above  all  otliers."** 

. I  nopbrhx  f*emio/rnnrti/xm* in  is,  however,  the  cliief  vector  in  Cliimbote, 
Pern."*  This  industrial  port,  which  rrwr  to  importance  ill  HH2,  was  surveyed 
at  that.  time.  Of  472  children  between  the  ages  of  5  and  12, 0.1  |iercent  shoared 
parasites  in  their  blond;  24.6  percent  had  enlarged  spleens.  AnopJbb*  purmitt- 
pmrnctipenm*  larvae  were  abundant  in  lagoons  north  and  east  of  the  town. 
Anopktb*  fmnrtimnmia  was  present  hat  in  such  small  numbers  aa  to  lie  ran- 
skirted  of  no  significance. 


*•  CaatliW.  K.  U:  Vm  twOcw  4r  hMNw  If  to*  palM  Ip  to  Cart*  fiHIn  4*  Atorrtm  «W 
Bar  j  m  cMtni  In.  tato  ft:  Hi-IN,  Jii;  Aamt  ItB. 
m  *•*  21,  p.  m 

* YUkUto*,  C.  K.,  mw4  Vilftrwait  Mnto.  A.:  H  Awp**Um  pmm-iimwrmH  rm  H  fVca,  l*aft. 
Bp  to  INr.  ftoa.  Ip  SalaWMaft,  Um,  IBM. 

(Vwli HI.  A.:  IhwmuMI  mIIp  vwpfpmiap  iltowtiiri  BrW.4 mmpbrWm  p*rw4fm*rUp*m*U  p 
IpQ'iMflrlrt  jHimrUmmrmim  aH  Pm,  Rlv.  «  paraMtllal.  ft:  12ft  13ft.  Iftlft, 

*  Hnksp,  B.  E„  aal  L  W.  •  Xt>l**  i«  Ito  Host  IWereuraa  «f  .4  mmpkrir*  prnfm4*pmmrHpemmi», 

1.  Bat.  Malaria  tor.  ft :  1ft1-lS3.  law  IftftH. 

m  WrrtplMl.  K.  A..  9*4  HartM,  R.  K. :  Malaria  CmInI  W«rfc  la  ffctotolp,  IVra.  Bri.  Oftr.  aaa. 
fmmmm.  2ft :  7M-MB.  ftpfttraiftpr  IftM. 
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Other  Activities  of  Antinuilaria  Organizations 

The  malaria  survey  ns  well  iis  the  malaria  control  teams  in  every  area  were 
at  times  hard  pressed  to  keep  ahrenst  of  sensoiml  ilemmnls.  On  other  invasions, 
these  technirully  tniined  units  found  themselves  with  leisure  time.  Several 
poesibilii  ies  presented  tliemselves:  (1)  Wltere  line  troops  were  in  tlie  vicinity, 
to  utilize  malaria  |iersounel  in  giving  instruction  on  nndnrin  discipline;  and 
(2)where  facilities  existed,  toex|HiiMl  the  t mining  of  survey  and  control  |»r- 
sonnel  so  as  to  include  n  knowledge  of  other  parasitic  and  tropical  diseases, 
insect -borne  and  otherwise,  together  with  the  teclnii<|ties  of  tlteir  prevention 
and  control.  The  latter  procedure  was  followed  somewhat  informally  in  cer¬ 
tain  cases,  on  the  initintive  of  tlie  officer  in  charge,  and  with  the  approval  of 
his  immediate  su|>erior.  Tlte  development  of  tlie  modem  preventive  medicine 
company,  with  its  hnattl  interest  and  res|Mnis»hility  for  survey,  instruction,  ami 
control,  stemmed  from  such  la>giniiings. 


CHAPTER  V 

North  Africa,  Italy,  and  the  Islands 
of  the  Mediterranean 

Justin  M.  Andrews,  Sc.  D. 

Main rin  rvni-licil  its  highest  level  ill  tile  North  Afrinm  theater  in  IWS. 
According  In  data  obtn'med  from  tabulations  of  individual  medical  records 
there  were  (excluding  readmitted  cases)  731  oases  of  it m Im r in  in  1042;  32,811 
in  1043;  i1,lW.‘i  in  11*44- :  him!  5,7115  in  1045.  Tlie  total  malaria  nttark  rates 
(excluding  readmitted  discs)  |ier  niiiinin  |ier  lJNNI  average  strength  were  31.80 
in  104-2;  7I.K4  in  104.4:  36.02  in  1044:  ami  10.20  in  1045.  It  is  lielieved  that  tlie 
high  rate  in  1043  wax  due  to  |mmh-  malaria  discipline.  im|»erfcct  A I  shrine  (ipiiii- 
acrine  hydrochloride)  supply,  and  inaileqimte  malaria  organization.  By  1045, 
when  tliexe  defects  had  lieen  corrected,  the  rates  had  lessened  consiilerably.1 

Tlie  most  ini|Mirtanl  vector  of  malaria  was  .  I nophrhn  hihnntrkinr 
htbrunckine.  ]*rincipai  gaaietwytc  reservoirs  were  rural  A  rail  |si|Milation» 
and  Italian  prisoners  of  war  in  North  Africa,  civilian  refugees,  Italian  prison- 
era  of  war,  impressed  Yugoslav  lalairers,  and  Italian  cobrlligrrcnt  troops  in 
the  remainder  of  tlie  tlieater. 

The  special  antinialaria  organization  as  it  linally  deveiofied  was  strongly 
centralized.  The  Malariidogirt,  North  African  theater,  romnianded  a  detach¬ 
ment  of  malarologiat  oftcera.  These  were  attaclied  to  major  commands  in 
which  they  gave  technical  direction  to  malaria  survey  and  control  detachments. 
An  airplane  dusting  and  spraying-flight  detachment  was  responsible  opera¬ 
tionally  to  the  theater  malariologist . 

In  Africa  and  Sicily,  main  reliance  was  placed  on  the  physical  improve¬ 
ment  of  streams,  oil  la  nr  iciding,  and  spray  killing  with  pynthrum.  In 
Sardinia,  Corsica,  and  Italy,  these  measure*  were  supplemented  and  Anally 
overshadowed  by  the  aerial  application  of  pnris  green  and  DDT  as  larriride* 
and  of  DDT  as  a  residual  building  spray.  Insert-proofing  of  buildings  was 
practiced  as  screening  supplies  permitted.  Personal  protective  measures  were 
directed  throughout  the  theater  and  their  use  stimulated  by  special  training 
and  subsequent  reminders.  In  1043,  all  troops  were  ordered  to  lake  Atabrine 
in  suppressive  doses.  That  policy  was  liberalized  in  1044  by  exempting  troops 

1  Excfff  it  MVitei  IW  data  pnmm]*4  ta  tfela  cWpffg  «n»  kamtl  m  Iht  Mlmrlig 

ttrw  mrwi :  (ft  AbmmU  R^rt.  RMtral  Iwiha.  !Wtli  AVrkii  TViler  mt  OfaraiMut,  t\*.  Amy. 
IMS.  If)  AikmI  iayart.  turpw,  IMItwiWil  TVilff  mT  IHafidtNW.  1\*.  Amy.  IM4.  r*4*. 
1  IKK  2.  (S>  flMl  Eayart  a#  thr  Prrmtfr*  Mfdflif  OSrtt,  MtdtWrmaiaa  TVhtff  mt  Opmrtmm, 

VM.  Avar,  IMS. 
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in  areas  where  the  malaria  hazard  was  negligible.  1  hiring  1!>1.">,  suppressive 
Atnbriue  therapy  was  directed  only  for  troop;*  in  aivus  where  malaria  was  an 
uncontrolled  danger. 


MILITARY  DEVELOPMENT 

On  14  August  1942,  Lt.  (ten.  (Inter  (ienenil  of  the  Army)  Dwight  1>. 
Eisenhower  whs  directed  by  the  ('oiiibined  Chiefs  of  Staff  of  iIm>  Allied  Nations 
to  accomplish  the  control  of  North  Africa  from  the  Atlantic  to  the  Red  Sen  and 
thus  to  secure  positions  from  which  direct  nltueks  could  lie  launched  against 
the  southern  tlnnkof  tlie  Kuro|iean  Fortress. 

Allied  Force  Headquarters 

The  tactical  planning  for  the  intitial  ojienitioii  was  liegun  in  London  by 
British  and  U.S.  staff  strategists,  the  latter  detailed  from  the  Planning  Section, 
Headquarters,  KTOUSA  (European  Tlienter  of  Operatimis,  U.S.  Army). 
Oil  12  September  1942,  this  group  was  officially  designated  AFIIQ  <  Allietl 
Force  Headquarters)  and  was  e.\]mnded  suitably  to  function  thereafter  as  a 
general  headquarters.  It  consisted  of  general  and  s|iecial  staff  sections,  each 
of  which  included  British  and  I *.S.  |M»rsiHiiiel  and  was  intended  primarily  for 
policy  making,  planning,  and  coordination. 

North  African  Theater  of  Operations,  U.S,  Army 

The  British,  however,  developed  their  component  of  AFIIQ  as  an  operat¬ 
ing  as  well  as  a  coordinating  agency  ami,  with  the  prompt  capitulation  of  the 
North  African  countries  ami  the  establishment  and  expansion  of  Imse  section 
organizations,  it  became  apparent  that  Americans  also  would  have  to  provide 
for  the  centralised  administrative  ami  operational  supervision  of  troops.  For 
that  purpose.,  another  headquarters  known  as  NATOUSA  (North  African 
Theater  of  Operations,  UA  Army)  (map  11)  was  activated  on  4  February 
IMS.  Both  AFIIQ  (American  Section)  ami  XATOUSA  headquarters  oper¬ 
ated  with  the  same  personnel,  though  the  latter  organization  requited  many 
additional  members.  They  were  located  initially  at  Algiers,  but  during  the 
summer  of  1944  they  moved  toCaserta,  Italy. 

Services  of  Supply  and  Communications  Zone,  NATOUSA 

On  16  Feoruary  1943,  all  supply  operations  were  delegated  by  NATOUSA 
to  a  service  of  supply  echelon  with  headquarters  in  Oran.  A  year  later, 
24  February  1944,  the  functions  of  SOS  (Services  of  Supply),  NATOUSA, 
were  expanded  to  include  those  of  a  communications  xone  organization,  and 
XATOUSA  became,  from  tlie  standpoint  of  Medical  Department  function,  a 
planning  and  consultative  agency.  Services  of  Supply,  NATOUSA.  moved 
to  Caaerta  during  tlie  summer  of  1944  ami  was  redesignated  COMZOXE  (Com¬ 
munications  Zone),  on  1  October  1944. 
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Mediterranean  Theater  of  Operations,  U.S.  Army 

Concurrent  with  the  n1tsor|>tioii  «»f  southern  Fra  nee  into  KTOt’SA  on  1 
November  1044,  the  designation  of  the  North  Afrietin  theater  was  clninged  to 
MTOITSA  (Mediterranean  Thenter of  ()|>erations,  1T.S.  Army).  ( 'OMZOXE, 
MTOCSA,  was  inactivated  20  November  1044.  and  MTOCS.Y  thereafter 
assumed  res|>onsibility  for  nil  o|ier>it  iomil  as  well  as  planning  fnm -lions. 

Operations 

The  invasion  and  occupation  of  Morocco  and  Algeria,  IkSIi  malarious 
ronntries,  involves!  Amerienn  and  British  forces.  ()i>enitioiis  liegnn  on  8 
Xovemlier  1042 :  .5 days  later  they  had  l>een  terminated  snceessfnlly. 

The  cani| mi^'n  to  tlie  east  started  at  once  and  apt  in  American  nml  Hritish 
troo|>s  participated.  The  struggle  for  Tunisia  was  fought  over  intensely 
malarious  terrain  and  was  not  concluded  until  12  May  104:1. 

Sicily,  second  only  to  Snnlinin  in  malaria  nmrl>idity  according  to  Italian 
nuilnriologists.  was  secured  by  tlie  Seventh  1  \S.  Army  and  tlie  Hritish  Eighth 
Army.  It  was  a  short  Imt  bitter  contest  lasting  :18  days,  from  10  July  to  17 
August  1043. 

Canadian  and  Hritish  forces  started  pouring  across  the  Strait  of  Messina 
into  Italy  on  3  Septemlier.  nml,  on  0  Se|ttemher,  tlie  Fifth  IT.S.  Army  landed 
on  tlie  Sa Irmo-Pnest ii in  hearties.  This  wns  the  first  of  a  series  of  operations 
destined  to  lead  IT.S.  soldiers  through  many  highly  malarious  sections  of  Italy. 

On  8  Se|>tember,  Italy  surrendered  to  the  Allied  Forces  and,  within  the 
following  month,  Sardinin,  always  the  blackest  spot  on  tlie  Italian  malaria 
maps,1  was  liberated  by  Italian  divisions.  Corsica  was  taken  at  about  the 
same  time  hy  Free  French  troops  assisted  by  American  Bangers.  Both  of 
tliese  islands  were  develojied  intensively  as  laises  from  which  Army  Air  Force 
and  Royal  Air  Force  mirpower  was  lieamed  into  Xaxi-lield  northern  Italy  ami 
southern  France. 

Fifth  HA  Army  troops  drove  steadily  northward  up  the  west  coast  of 
Italy.  Naples  was  occupied  1  October  and  the  Vohnrno  River  was  crossed 
during  the  month.  The  northern  advance  slowed  down  with  the  coming  of 
winter.  A  firm  but  tight  beachhead  was  established  at  Ansio-Xettuno  on  22 
January  19(4.  German  defenses  forced  a  stalemate  until  1 1  May  when  a  com¬ 
bined  offensive  launched  by  the  Fifth  ILS.  Army  ami  the  Hritish  Eighth  Army 
broke  *!.e  deadlock. 

The  Fifth  17.S.  Amy  pushed  on  through  tlie  flooded  plains  of  Fondi  ami 
Pontinia,  historically  famed  for  their  malaria  hyperendemirity,  ami,  on  25 
May,  made  contact  with  VI  Corps  troops  from  tlie  northern  lieaelihead.  On 
4  June,  Rome  was  occupied.  Daring  tlie  ensuing  month,  UA  ami  British 
forces  continued  to  drive  the  enemy  northward  to  a  point  beyond  Leghorn. 
By  tlie  end  of  the  year,  the  two  armies  bad  engaged  some  28  German  divisions 
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in  defense  of  a  line  extending  across  the  Italian  )>eniiisnln,  rough)}'  from  La 
Spnzia  to  Ravenna. 

On  15  August,  the  Seventh  l,\S.  Army,  coni|Mised  of  I’.S.  divisions  and 
attached  French  troo|>s,  invaded  southern  France  successfully.  The  area  occu¬ 
pied  and  exploited  by  F.S.  troops  was  uoninnlnrioiis. 

Allied  Forces  in  Italy  massed  below  the  Gothic  Line  until  the  spring  of 
1945.  On  14  April,  their  final  offensive  was  launched  which  took  them  ncross 
the  malarious  Po  River  flood  plains  and  into  the  industrialized  areas  of  north¬ 
ern  Italy.  On  2  May,  this  ojieration  was  concluded.  Contact  was  made  with 
partisan  troops  from  Yugoslavia,  and  on  7  May  Nazi  Germany  surrendered 
unconditionally. 


Base  Sections 

Numerous  base  sections,  nmi  commands,  or  equivalent  organizations  were 
developed  for  the  supjiort  of  the  armies.  They  were  occupied  for  varying 
periods  of  time.  Hie  more  important  ones  were  located  at  Casablanca, 
Morocco;  Oran,  Algiers,  and  Constantine,  Algeria ;  Biierte,  Tunisia;  Palermo, 
8icilv;  Naples,  Leghorn,  and  Bari,  Italy;  Cagliari,  Sardinia;  Ajaccio, 
Corsica;  and  Marseille,  France  (map  12). 

Air  Force  Installations 

Medium  bomber  facilities  were  develo|>ed  mainly  on  tlie  satellite  airfields 
around  Foggia.  Light  bombers  also  oj»e rated  from  that  side  of  Italy  ami 
from  the  southwestern  coast  and  from  Sardinia  and  Corsica.  Fighter  fields 
were  more  transient  and  widespread.  They  were  established  througliout  tlie 
occupied  sections  of  the  theater,  moving  forward  as  fast  as  security  precautions 
permitted,  though  a  few  units  were  left  in  the  rear  areas  to  carry  on  shore 
patrol,  air-sea  rescue,  and  counteraerial  combat  duties. 

AREA  CHARACTERISTICS 

Geography 

The  limits  of  NATOPSA  were  defined  to  include  the  Iberian  Peninsula, 
southern  France,  Italy,  Switzerland,  Austria,  the  Balkans,  Turkey,  the  areas 
of  French,  Spanish,  and  Portugese  influence  in  West  and  North  Africa,  and 
the  intervening  islands  of  the  Mediterranean  (map  11).  The  actual  military 
operations  occurred  mainly  in  the  coastal  areas  of  Morocco,  Algeria,  Tunisia, 
Sicily,  Sardinia,  Corsica,  Italy,  and  southern  France.  All  points  in  the  theater 
were  within  900  air  miles  of  Algeria.  The  entire  area  lies  30  degrees  or  more 
north  of  the  Equator  and  is,  therefore,  within  the  Temperate  Zone  and  has 
definite  winter  and  summer  seasons. 
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Climate 

Temperatures  suitable  for  the  triiiisiiiissimi  of  riraj-  imihiriu  (daily  aver¬ 
age  of  <M>°  F.,  or  higlier)  occur  from  hue  April  to  November  in  North  Africa, 
Sicily,  and  Sardinia. 

In  Italy  and  Corsica,  the  season  is  shorter,  commencing  in  May  or  June 
and  ending  in  Ortolan*.  The  present  of  seiuihiliern.il ing  niiopheliiies  in  occii- 
pied  houses  and  animal  shelters  throughout  the  winter  months  suggests  the 
possibility  that  in  feet  ions  may  la*  transmitted  as  late  as  Decenilier  or  early 
January. 

Teni|ieratures  high  enough  for  till1  development  of  fair! /m  ram  inn  lit  tin 
(daily  averages  of  7n'  R,  or  higlier)  ordinarily  start  in  June  in  Morocco  and 
Algeria  and  in  May  or  June  in  Tnnisin,  Sicily,  and  pmlmhly  Sardinia.  This 
|>eriod  terminates  in  Septemlier  in  Morocco,  Algeria,  and  Sicily  hut  tail  until 
October  in  Tunisia.  In  Italy,  north  of  Home,  average  daily  teni|>enit tires  of 
this  magnitude  are  nut  frequent  enough  to  |ientiit  tlie  development  of  falci¬ 
parum  |uirasites  in  mosquitoes,  and  falciparum  malaria  in  man  is  correspond¬ 
ingly  ran-. 

Average  yearly  rainfalls  vary  from  15  to  .‘ill  incites  throughout  coastal 
Nortli  Africa,  Sicily,  ami  Sardinia.  In  Italy  ami  ( ’orsiea,  tliey  may  la*  slightly 
higher.  Tlie  midsiiiiiuter  nioutlis — June,  July,  and  August — are  dry  or  nearly 
so,  particularly  in  Nortli  Africa.  Most  of  tlie  rain  falls  front  October  through 
Marrh. 

Surface 

Tlie  c|ay  soil  mi  tlie  hillshles  of  North  Afric.'  is  notaMe  for  its  laelc  of 
ability  to  ahenrlt  water.  Vegetation  is  searre,  evhlenee  of  erosion  alsindant. 
Water  nil  off  is,  tlierefore,  smhleti  ami  of  great  volume.  Rivers  ami  streams 
are  swollen,  torrential,  and  fast  moving  in  tlie  spring.  By  July,  they  are 
mere  trickles  connecting  occasimial  shallow  jaiols  or  are  dried  up  entirely.  In 
Sicily,  Sardinia,  Corsica,  ami  Italy,  there  is  a  larger  prnport ion  of  |trrmnially 
flowing  streams,  as  the  water-holding  rapacity  of  the  earth  is  somewhat  greater. 
Many  of  tlie  mountains  are  higlier,  tlieir  slopes  snp|ion  more  prolific  plant  life, 
and  snow  remains  on  them  for  longer  intervals.  Serfage  ami  ninnf  into 
ravines  and  streams  rouiinnr  over  more  extended  periods  of  time  than  in 
North  Africa. 

Native  Reservoir*  of  Infection 

Ordinarily,  some  iMl  jiercetit  of  tlie  inhabitants  of  tlie  North  African 
countries  are  Arsis*.  With  tlie  declaration  of  war.  Iiowevrr,  Kurofienns  toaked 
to  Africa  to  evatle  tlie  ravages  of  tlie  conflict.  In  some  installers.  tlie  |aipula- 
tions  of  the  larger  cities  doubled  in  siae.  Tlie  normal  Knrofirau  coni|saieiit 
is  predominantly  French,  but  Italians  ami  Spaniards  liave  come  into  North 
Africa  in  such  numbers  that  Italian  nr  Spanish  is  lieard  in  certain  places  as 
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frequently  ii>  French.  These  immigrants  mid  refugees  contrilHitcd  little,  Iiow- 
Mtr,  to  the  imihirin  |>otcnl  ialitics  of  t lie  region. 

The  indigenous  A riilis  of  the  const  11 1  ittvns  me  predominantly  pluin  dwidl- 
ers,  living  in  close  nssocintioii  with  ngrirolliirnl  pursuits.  Thus,  Hitilarinns 
natives — the  reservoir  of  infection  for  mos<|iiitors  were  most  iihitiidiint  in 
rural  sections  along  the  const  mid  on  the  fertile  river  flood  plains  extending 
lie! ween  the  ranges  of  the  Atlas  Mountains.  Ihisic  dissimilarities  in  hiiiguiigcs, 
religion,  |M*rsoiml  hygiene,  anil  other  customs  im|M>se  strong  Iwrriers  against 
intermingling  with  foreigners.  Kven  among  themselves,  the  Anil*  are  very 
clannish  and,  exrept  in  cities,  had  little  tendeney  to  associate  closely  with 
I’.S  troops.'  This  trilail  isolation  protected  I’.S.  tmo|»s  against  transmission 
of  vennin  and  diseases  ordimtrily  acquired  hy  direct  rontact  hut  had  no  effect 
in  preventing  niiilaria.  as  it  was  virtually  impossible  to  uvoiil  siting  caui|>s 
and  hivoinic  ureas  within  mosquito  Might  ntuge  of  Aral)  villages. 

While  tU-re  was  some  evidenee  of  Am  hie  |mrtici|>atioii  in  the  nicinl  stock 
of  Sardinia,  Sicily,  and,  to  a  less  extent,  southeast  Italy,  its  iiiHuence  was  never 
sufficient  to  hinder  fratemixat  ion  with  Allied  |>ersoiiiiel.  The  two  islands  were 
as  utiieli  it  part  of  tlie  Fascist  State  as  tlie  |>eiiinsiiln  itself  and,  like  it,  were 
I>eopled  pretloniinantly  hy  its  nationals.  Ill  spite  of  their  previous  |Mdiiieal 
affiliations,  tlie  Italians  as  a  grtatp  mid  as  individuals  manifested  strong  amity 
for  tlie  Americans  and  iip|ienrrd  to  enjoy  llteir  company. 

The  Immhing  and  shelling  of  cities  had  resulted  in  widespread  destruction 
of  homes  and  dislocation  of  tlie  Italian  |io|Nilntion.  The  terrified  iuhahitauts 
moved  into  underground  shelters  or  out  into  tlie  count rv  wliere  they  lived  in 
eaves,  lams,  public  buildings.  under  bridges,  or  wlierever  they  etaihl  find  pro¬ 
tection  from  tlie  weather  and  bnmlmrdment.  Many  of  tliem  had  left  tlieir 
liomes  precipitately  ami  were,  tlie  re  fore,  destitute,  hungry,  and  larking  in 
sufficient  clothing.  Tliey  hud  no  medical  service  ami  were  as  aiwssihle  to 
mosquitoes  as  the  beasts  of  tlie  Meld.  In  time,  tliey  constituted  a  huge  reser¬ 
voir  of  jmmetocyte  carriers.  In  their  desperate  efforts  to  obtain  tlie  necessities 
of  life,  they  tended  to  wane  into  done  atwa-iatHai  with  Allied  tnaqm  and  tlnm 
facilitate!]  the  tranammshm  of  malaria.  In  addition  to  refugees,  the  areas 
were  jammed  with  thousands  of  demobilised  Italian  soldiers.  Many  of  these 
had  “twi  service  in  the  Balkans,  North  Africa,  Ethiopia,  Italian  Kasl  Africa. 
ar«d  Sardinia,  where  tliey  lirnl  experienced  malaria  from  wliieh  tliey  iela|me«l 
repeatedly.  A  large  proportion  of  tliese  ex-sokliers  and  of  oilier  young  male 
civilians  were  formed  into  Italian  lalior  units  which  lived  ami  worked  ill  close 
^miximity  to  I'A  ami  llritish  bivouac  areas.  Tliey  required  extensive  and 
continued  treatment  for  malaria  ami  must  have  contriluited  largely  to  loral 
niosi|uit(>  infection  ( map  13). 


*  Pirn— I  r*  mt  ito  aatbtr  wW  avpmM  Mlirli  ratlrtl  adlvItlM  mm  a  IbwlnwWi 

Mala  la  XMh  ,'friea,  Mleiif,  Italy,  ManHala,  aa4  Cafwka,  frvaa  Majr  IH3  In  Jaaaarjr  IMS. 
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Mat  U- -IMrlliWlM  of  Malaria  la  Italy,  WHIjr,  nf  Hardlala,  ISM,  and  ta  Corsica.  1MB. 


In  Sardinia,  the  potentialities  of  the  hi^ily  infected  civilian  population 
were  enhanced  by  the  presence  of  some  200,000  Italian  troops  and  Yugoslav 
laborers  impressed  by  the  Axis.  They  had  been  there  for  two  malaria  seasons. 
Their  military  organisation  had  disintegrated  completely,  and  they  were  scat¬ 
tered  all  over  the  island,  living  from  hand  to  mouth  as  bet  as  tliey  could. 
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They  sutTeivil  severely  fitmi  iiitihiriti,  mid  niiiiiemiis  dentils  were  nscrilieil  in 
lliis  disease.  Mil  n  v  wm  employed  ns  guards  mu  I  liilsnvr*  l»y  I’.S.  military 
orgmii/.at  inns  n  ml  thus  increased  the  li  kt*li  1 1<  mm  I  of  lorn  I  uiinplieline  infection.4 

Tl«-  Corsicans  n iv  of  French  mill  Itsiliim  uinvsi ry.  Tliev  mv  extremely 
imle|ieiiileiit  |ieo|ile  mill  did  not  nssoriute  with  I'.S.  mid  Itrilish  soldiers  its 
extensively  ns  did  the  unlives  of  Italy.  Sicily,  nml  Sii rdiiiin.  Historically,  the 
islninl  is  iv|iilteil  In  lie.  highly  intthirioii-  map  Ul).  It  is  the  ciisloin  of  constnl 
|ilnin  fanners  to  move  their  fiiniilies  f Mini  the  lowlands  up  into  the  hillside 
and  nioiliitnin  villages  to  escn|M>  the  heitt  mid  fever  of  llie  summer  nionlhs. 
This  suggests  that  u  cniisiilenihlc  niinitn'r  of  gmnetoryie  curriers  exist  nor¬ 
mally  among  tlie  unlive  Corsicans.  To  this  must  lie  milled  tin*  infection 
|nHeut inlilies  of  the  ’i.ttotl  Yugoslav  lulmivrs  ini|MH1eil  from  Ntirdiiiiti.  Most 
of  them  nrriveil  ill  the  height  of  the  reln|ise  season,  iinil  ninny  were  tnken 
directly  from  the  slii|i  to  llie  hospital  with  nmlnrin  attacks.  They  were  ordi¬ 
narily  quartered  ill  small  cniii|is  niljnivnt  to  Allied  establishments. 

Ileciinse  of  tlie  |miicity  of  mnlarin  survey  iHnrliiiieiits  in  NATOI'SA  mid 
the  necessity  of  using  them  ns  niiilnrin  mill  nil  nnils,  no  widesprend  systemnlic 
effort  was  made  to  determine  spleen  mill  |mmsite  rates  in  unlivr  populations 
adjacent  to  I'.S.  troop  installations.  ( krasiottal  s|mt  surveys  *iip|M>rted  tlie 
ever-present  clinical  eviilence  of  aialaria  morbidity  with  which  gamelorytrti 
and  consequent  local  ntoNpiito  infectiiai  must  have  lieeii  associated. 

Vector* 

Tlie  most  important  vector  of  malaria  in  the  North  African  and  Mediter¬ 
ranean  theaters  was  .1  nnpKrhm  hihninrhiite  Inbmnehiar.  Fallemni  1026  (fig. 
29).  In  North  Africa  ami  Sicily,  the  map  of  its  distribution  was  virtually 
that  of  tlie  river  systems  in  llie  plains.  It  was  found  generally  in  permanent 
•unlit,  vegetated,  clear  waters.  Pools,  I  meltwaters,  along  the  indented  edges 
of  streams  ami  rivers,  collecting  lamina,  poorly  maintained  irrigation  ditches, 
canals,  seepages  (especially  from  leaky  irrigation  systems  over  grassy  arras), 
walk  and  cisterns,  foxholes,  founts,  and  freah-water  lagoons  with  peripheral 
marshes,  all  supported  larval  growth  of  this  species.  I  hiring  the  early  part 
of  the  arason,  this  species  was  found  predominantly  in  the  flooded  areas  ad¬ 
jacent  to  permanent  bodies  of  water.  Aa  these  flooded  aims  contracted  dur¬ 
ing  the  summer,  the  larvae  were  found  mainly  in  pools,  edges  of  rivers,  streams, 
and  seepages.  As  tlie  process  of  natural  drying  went  still  further,  .1.  /.  lahra *- 
ckiae  invaded  the  neglected  irrigation  systems  ami  wells.  It  is  s  versatile, 
adaptable  specie*  tenaciously  maintaining  itself  in  fresh  ami  brackish  water, 
being  limit ts I  princijially  liy  low  temperatures,  shade,  pollut ion,  tiirlmlity,  high 
salt  content,  ami  lirisk  flow. 


•  llm«e  it  the  annul  rnSle  at  Balaialalaa  Mar  at  nw  iilelnl  IiStMmU  rla*  is  I'.S. 
IWI||,  MW  UnM  aulartalaata*  wtwrrt  l«  lima  aa  "ear  bp*1*-  nanl  af  narlayti  rarrtoa.” 

•  War  Difartam  Twhakal  HaUHIa  <TV  MKO|  IS*.  Damaksr  1.14. 
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Jii  Italy  and  Sardinia,  llw  larvae  grew  alHindnntly  not  only  in  rivers  and 
streams  Isit  also  in  water  held  by  nnmaintained  canals,  ditclies,  tank  trn]M,  slit 
trenches,  foxholes,  sliell  ami  laanb  craters,  snltterraneau  shelters,  gnu  emplace¬ 
ments,  and  the  extensive  flooded  areas  |>urposely  inundated  by  tlie  (rennans 
(figs.  30  ami  31).  This  type  of  destruction  resulted  in  flooding  enormous areas 
of  farmland,  as  slmwn  in  figure  31.  Many  of  lliese  arras  became  mosquito 
producing.  The  natural  drainageways  in  Italy,  Simlinia,  and  Torsica  were 
obstruct e<l  by  the  residues  of  demolished  bridges  and  hastily  1  stilt  bypasses 
and  fords.  Tliese  interferences  with  natural  flow  created  ninny  additional 
breeding  places  for  .1.  f.  labmnchiar.  On  tlie  northeast  coastal  plain  of  Cor¬ 
sica,  several  larg-i  lakes  with  marginal  swum]**  added  to  the  lireeding  acreage. 

The  adults  of  this  species  late  both  man  ami  domestic  animals  and  test 
in  houses  and  animal  shelters.  During  the  winter,  they  could  be  found  in 
small  numbers  in  htatses  in  M octavo.  In  Italy  ami  Sardinia,  they  were  en¬ 
countered  frequently  in  houses  (especially  unoccupied  upper  rooms)  ami  in 
concrete  pillboxes  and  strongpoints.  They  were  diScult  to  find  in  the  winter 
months  in  Algeria  and  Tunisia.  In  the  summer,  they  were  excessively  numer¬ 
ous  in  occupied  houses,  stables,  pigsties,  and  poultry  shelters,  especially  in 
untreated  areas  of  Italy,  Sardinia,  and  Momrco.  On  certain  occasions,  their 
densities  were  so  great  that  estimates  of  their  number*  would  le  as  high  aa 
1,000  or  more  per  square  yard  of  wall  surface. 

The  only  other  anoplieline  species  presumed  to  he  of  v  pci  oral  importance 
were  Anophele*  Mckaroei  {flutu*)  Favre  1903,  and  A nopkrlen  mprryirtns 
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)*u:r»:  .11. — am  imr  Uroln.  xlsiwlns  high  water  nuark  <m  the  xlilc 
of  the  farmhouse. 


Grated  lSIWt.  .1.  wirhtirori  is  a  coastal  form  which  tolerates  somewhat  higher 
salt  concentrations  than  does  .1.  /.  MminrAinr.  It  was  found  in  llm  vicinity 
of  Naples  and  on  Corsica  lait  never  in  any  alaindam-e.  .1.  sm/xt/wc/w,  a 
species  which  breeds  in  highly  aerated  running  streams  in  tlie  mountains  amt 
foothills,  was  of  negligible  importance  front  a  numerical  standpoint. 

MALARIA  EXPERIENCE 

The  total  monthly  diagnosed  malaria  rates  (provisional)  per  1.000  per 
annum  for  the  theater  from  1042  through  1145  are  sltown  in  table  90.  This 
portrays  well  defined  but  distinctly  different  trends  in  a  series  of  three  excep¬ 
tionally  interesting  annual  malaria  experiences. 

Experience  in  1942 

Malaria  acquired  during  the  last  2  months  of  the  year  was  minimal,  and 
most  of  this  came  from  coastal  Morocco  north  of  Casablanca. 

Experience  in  1943 

The  situation  in  1943  was  one  of  a  susceptible  and  inadequately  prepared 
military  population  exposed  to  hyperendemic  malaria.  A  suppressive  treat¬ 
ment  schedule  of  Oil  gni.  of  Atalx-ine,  on  2  nonoonserutive  days  |ier  week,  was 
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Table  30.  tncitlcncr  vf  matnnn,  hy  month*,  in  the  (  \S.  Army  in  the  Muliftt  rnncnn  (formerly 
AW/A  Afncan)  theater }  U*\4  -$■>  1 


[I’rrliniinary  <lnt;>  f>u.tr<l  on  Simple  taUilatUms  of  in*livt«Hiiil  mnlirnl  h*t'or>ls  itn>l  xMifiiiiiirir*  of  flutist inil  htmlth  r»  )«»rts| 
|Kau*  v »*  nurnh'r  of  «»»**  |m*t  onnum  i»*r  I  jui  avtfu**  *ln*ng|h| 
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IWmH  —  a  Mr— itor>  iifworii  Thr  IM4-4A  •k»U  Me  ta  tmm  of  total  mmkri*  attaeki.  which  fa  rmm  prised  of  tmmm 
feudmitled  Cot  mrnhria  a#  well  m  mtrn  primacy  ami  aeromlary  „•***, 

3  No  trwfa  were  |«mil  hi  Ike  theater  hr  few  Smvrwhrr  I  M2. 

ordered  on  a  tlmlervkle  I  ns  is  effective  as  of  ±1  April.*  Tliis  order  was  not. 
enforced  for  the  following  reasons:  • 

1.  The  widespread  prevalence  of  acute  intestinal  manifestations  following 
the  third  dose. 

2.  Misinformation  regarding  its  effects. 

Jh  A  lack  of  compreltension  as  to  its  value. 

Base  sections  in  Morocco  and  Algeria  achieved  wane  measure  of  environmental 
protection  against  the  disease,  I  ait  combat  troops  were  sorely  heart  by  malaria. 

By  the  time  the  Sicilian  campaign  started.  Iwepital  admissions  for  malaria 
in  Tunisia  were  on  the  increase.  For  this  reason,  many  troops  scheduled  to 
participate  in  the  campaign  failed  to  emits rk.  Others  reached  Sicily,  but  some 
BIO  to  800  of  them  came  down  with  the  disease  within  inenhation  periods  too 
short  to  have  been  due  to  infection  contracted  on  the  isinml.  During  tlie 
Sicilian  campaign,  0  July  to  10  Septemlier  lSH:t.  Imspital  admissions  for 
malaria  (21,4#2)  exceeded  battle  casualties  ( 17<37r>).*  The  new  cases  could  be 
attributed  largely  to  the  failure  to  tail  for  more  than  one  of  the  three  malaria 

•ClrnUr  Ha.  W,  BnOMrSn.  XATOI.'M.  *a  Mar.  I  MX. 

'  UH.  r*f«»  H. :  A  HMartnl  Rarer?  rf  IV  AHtrlttm  S  IV  MlN  *f  PrrmittTa  MrAMar. 
oaw  a <  IV  Marjara.  MTOITSA.  X  Jaa.  IMS  ta  IS  Aaa.  IMS.  (OMrial  mill 
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survey  mid  control  mills  wliicli  Imil  lieeu  ciirniurkcil  ami  readied  for  the  in¬ 
vasion.  This  one  unit  arrived  on  P+4,  hut  the  t ioo|>>  lulvnuced  so  rapidly 
that  no  uuf  iituriarin  o|H>rutions  could  lie  organized  en  mule.  Kven  lifter  they 
were  estnlilisheil  in  Palermo,  there  was  more  work  than  one  unit  could  handle 
effectively.  As  u  result,  tlie  troo|is  were  denied  adequate  euvimiinieiital  pro¬ 
tect  ion  against  uno|ihe1iues. 

Poor  malaria  discipline  in  liotli  North  Africa  and  Sicily  also  accounted 
for  much  of  the  morbidity.  The  remainder  was  caused  primarily  by  failures 
in  Atalirine  supply.  These  occurred  on  ImmpI  ship  (lack  of  coordination  be¬ 
tween  Army  and  Navy),  at.  rations*  breakdown  (mints  (where  Aliihriue  was  to 
be  issued  with  the  nil  ions),  and  among  forward  coiiiIniI  elements  for  laciinil 
reasons.  This  last  is  always  inevitable  to  some  degree.  Thus,  the  malaria 
delmcle  ill  Sicily  was  die  result  of  inefficient  malaria  control  supply,  jmor 
malaria  discipline,  mid  a  quantitatively  inadequate  s|ieciai  aiitiiuulnriii  or¬ 
ganization.  The  iiialarinuHiiess  of  Sicily  was  well  known  anti  control  nml 
survey  units  had  been  prepared  to  acconi)mny  the  invading  fop-es,  but  the 
Seventh  U.S.  Army  Command  would  not  jiennit  tliene  units  to  proceed  to  Sicily 
in  t  ime  to  render  effective  aid  during  die  invasion. 

'The  malaria  rate  readied  a  maximum  in  August  1W3  of  102  en  vs  |ier 
1,000  per  annum  whicli  represented  alxnit  R,T>00  cases:  this  coincided  more  or 
less  with  the  end  of  the  Sicilian  cnm|taign  on  17  August.  This  overall  theater 
rote  fails  to  reflect  faithfully  die  extent  of  tl»e  malaria  morbidity  ex|ierienred 
by  elements  of  the  Seventh  I7JS.  Army  during  tlie  rampaign.  As  sliown  in 
table  31,  weekly  rates  of  diagnosed  malaria  among  II  Corps  troupe  are  reported 
to  have  risen  to  over  1,700  per  1,000  per  year.  Corresponding  rates  of  “fever 

Tou  31. — Admin  <m  rates,  bg  amb,  kuupitul  and  gnmrtrrt,  fur  muluriu  end  FL'O  (frrrr  uf 
undetermined  urigin)  in  Ike  Seventh  U.S.  Armg,  ty  mujur  cummmnd,  during  the 
Sir i limn  campaign,  Id  Juig-M)  AuguM  Kg  > 

(Pn*sdastj  mm  bend  m  mmgri  I  lalilliai  •«  keUrMwl  mPUaal  rmHH 
UUP  wywHe— Wufayaa— SrU»iwisaw«m| 


Wwk  h>m 

DPI 

cTc5T  j 

Aimj  twipi, 
*****  IM. 
Atmy 

•rwrtli  VJL 
Mtmj 

MlPS 

ruo 

MaMs 

WO 

Hask 

rco 

Malar* 

rro 

M  July  . . 

34 

38 

51 

85 

5* 

*3 

1 

3* 

37 

»«J  - 

SO 

•1 

411 

325 

53 

•* 

93 

10* 

30  July . .  . . .  . 

*r 

384 

1*3 

734 

303 

288 

10* 

337 

•  Aucwrt - - 

54 

453 

723 

8*4 

438 

•06 

259 

55* 

13  Aupat . . 

185 

337 

1,734 

1,083 

514 

419 

485 

483 

30  August. .  - -  - 

40 

203 

1,090 

434 

683 

| 

570 

338 

333 

Total . 

63 

234 

'  727 

i 

583 

382  1 

401 

233 

333 

inMawsawnaii>miliaaaWimai)eim  ir.eMiw  ditium,  a,i»;  c«e  imi».  n  c«ry. 
M,U7',  Amy  MS  InH  VM.  Jumy,  «n4  cinlMonl  HvmmI  VA  Army,  M MO. 


264 


COMMLXICABLE  DISEASES 


of  ii 1 1< Id «- rii i i i u-<l  origin."  a  collective  dinguost iar  term  which  included  inde- 
tcniiiimtc  |irai|Hirt ions  uf  malaria,  sit  tidily  fever,  and  oilier  unrecognized  pyro¬ 
genic  disorders,  were  us  high  ns,  or  higher  limn,  I  ho  iiinhiriu  rates. 

Hern  use  of  the  rapid  increase  in  llto  iiiiimUt  of  ruses,  the  Seventh  l\S. 
Army  adopted  n  suppressive  treatment  schedule  of  tt.l  gin.  of  Atnhrine  7  a  lays 
a  week  starting  on  14  August  1943.”  This  increased  alosuge  was  well  ndluinis- 
terea.1  and  tolerntwl.  It  was  con  tin  nasi  for  nliaiut  3  weeks  anal  prohnhly  tic- 
counteal  for  the  (imp  in  the  rate  in  Septeiulier  ta>  l;jn  |H*r  1,000  |<er  anninii. 
The  relatively  high  rate  in  October  was  the  result  of  the  Salerno  landings  made 
by  the  Fifth  U.S.  Army  on  1)  September:  discipline  in  taking  suppressive 
Atnhrine  became  lux  in  the  heat  of  battle  and  at  a  time  when  mosquito  trans¬ 
mission  was  still  occurring. 

With  the  coining  of  cold  weather,  the  rates  dropjied  aiff  rapidly.  As  will 
be  pointed  out  in  the  following  paragraphs,  many  maire  infections  not  mani¬ 
fested  in  1943  undoubtedly  were  contracted  during  the  fnll  months  of  tlma  year 
but  were  suppressed  by  Atnhrine  anal  remained  aloriniint  during  the  winter 
months.  By  the  end  of  the  year,  32,811  ltew  cases  wen*  reaorded,  an  animal 
rate  of  abaiut  72  per  1,000.  The  number  of  recurrent  cases  is  not.  knaiwn.  lint  it 
is  surmised  that  the  new  cases  const  it  uteal  90  percent  or  more  a»f  tlic  taital 
malaria  attacks.  Since  tin*  primary  cases  ie|iorted  during  tlie  winter  ami 
spring  months  of  1944  were  practically  all  contracted  during  the  previous 
season,  tlie  rate  of  transmission  in  1943  must  have  been  umrli  higlier  than  the 
hospital  admission  rates  indicated.  About  19  percent  of  the  year’s  infection 
were  falciparum  malaria,  48  percent  were  virax  malaria,  1  percent  were  quartan, 
less  than  1  percent  were  the  mixed  type,  and  32  percent  were  undetermined  as 
to  type. 

Experience  in  1944 

Troops  were  well  establislied  on  the  Italian  mainland  by  1944.  Suppressive 
Atabrine,  O.ft  or  0.7  gin.  per  week,  was  ordered  as  of  1  May  on  a  theaterwide 
basis  except  in  areas  which  were  nonmalarious  or  where  malaria  was  considered 
by  the  area  surgeons  to  be  under  control. w  The  breakthrough  at  Anxio  on 
25  May  permitted  troops  to  push  north  through  the  flooded  Pontine  marshes. 
The  advance  continued  across  highly  malarious  coastal  lowlands,  passing 
through  Civitavecchia,  Tarquinia,  Orbetello,  Groseeto,  and  Piombino.  DDT 
was  sprayed  in  forward  areas,  sometimes  in  advance  of  artillery  units.  With 
the  advent  of  winter,  troops  were  operating  in  the  mountains  north  of  Pisa  and 
Florence  and  were  out  of  malarious  country.  Throughout  this  period,  addi¬ 
tional  ITA  forces  (largely  Air  Corps)  were  occupying  the  insalubrious  islands 
of  Sardinia  and  Corsica. 

Table  30  shows  a  sharp  rise  in  spring  cases  with  a  rate  of  80  per  1,000  per 
annum  in  April  1944.  While  many  of  these  cases  were  relapses  of  infections 
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contracted  tlio  iiivvimis  ymr.  n  large  |ii'o] tort  ion  <  ;■  1 1| iroxiinut <*l v  40  |<vn  riil  ) 
gave  histories  of  no  |>IV\  into  mtiltn'in.  A  few  of  these  nuiv  Imre  I  teen  con¬ 
tracted  during  tin*  spring  months,  lint  the  majority  of  these  primary  iillsteks 
undoubtedly  represented  lute  1 1)4:!  in  feet  ions  either  suppressed  by  Atuhrilie  or 
showing  extraordinarily  King  incubation  |teii<sls  typical  of  eeiluiu  strnius  of 
■eii'tis  nialnriti.  The  prtsif  of  this  assertion  rests  on  the  ohservnt ion  that  little 
or  no  spring  timhirin  occurred  in  divisions  entering  the  then  ter  during  the  Into 
winter  of  194:5—44.  Indeed,  their  early  ruses  were  invariably  in  replacement  or 
nttiiched  )tersounel  from  other  divisions  which  had  seen  service  in  the  11)411 
campaigns.  Thus,  while  40,6X2  represents  the  total  iminlier  of  eases  mantled 
for  the  year,  n  rule  of  idawt  62  ]s*r  1,000  j>er  nnninii.  most,  if  not  nil.  of  the 
15^J4H  cases  <M-ciirring  In*  fore  dune  are  nttrilnitublc  to  in  feel  ions  acquired  during 
the  11H3  season.  In  all  probability,  many  of  the  relnjisos  np|N*nriiig  after  the 
beginning  of  June  also  should  In*  referred  lack  to  194:!.  Of  the  lahonitory- 
diagnosed  eases,  id  Hint,  5  percent  wen*  falciparum  malaria,  02  |>eivent  were 
I'U'tiJe  malaria,  less  than  1  jiercent.  were  quartan,  and  the  iNilaiut*  was  of  un¬ 
determined  ty|>es.  Only  in  Sardinia  was  the  species  distribution  snlist  anti  ally 
different :  21  percent  fatci/uimm  malaria,  72  percent  *7 cue  malaria,  and  the 
remainder  undetermined.  Tile  farther  north  the  tltN>j>s  went  in  Italy, the  fewer 
falciparum  cases  were  reported;  they  were  rare  north  of  Home. 

Experience  in  1945 

The  1945  season  saw  a  marked  reduction  in  the  size  of  the  Mediterranean 
tlienter.  North  Africa  was  split  off  and  placed  under  the  command  of  the 
U-S.  Army  Forces  in  tlie  Middle  East.  Tlie  islands  of  Sicily,  Sardinia,  and 
Corsica  censed  to  lie  of  operational  importance,  and  their  military  ]>ersoiinel 
were  returned  to  the  Italian  mainland.  For  all  intents  and  pur|>nses.  malaria 
control  operations  were  restricted  to  Italy  in  the  vicinity  of  Naples  and  Home, 
around  tlie  Army  Air  Force  areas  in  the  Fnggia  region,  in  tlie  Amo  Valley 
from  Legliorn  to  Florence,  in  the  Ancmia-Tiniini  sector  on  tlie  northeast  coast, 
and  in  certain  sections  of  the  Po  River  Valley.  While  tlie  danger  from  malaria 
ex|Mimire  was  considerably  less  than  during  the  previous  two  seasons,  the  fact 
that  troops  were  generally  scattered  throughout  tlie  malarious  areas  of  Italy 
during  19(5  constituted  a  situation  of  potential  seriousness. 

The  Atabrine  policy  for  this  year  called  for  sujqiressive  medication  only 
in  areas  designated  as  malarious.”  With  the  exception  of  one  instance  in  tlie 
Po  River  Valley  where  tlie  Fifth  U.S.  Army  specified  a  few  dangerous  areas, 
suppressive  treatment  was  limited  to  an  occasional  unit  having  an  unduly  high 
malaria  rate  or  to  individuals  recovering  from  an  attack. 

The  start  of  1945  found  Army  troojis  ensconced  in  tlie  A|ieimines  north 
of  Florence,  pre|>ariiig  for  tlie  linal  offensive  into  tlie  Po  River  Valley.  After 
the  highly  satisfactory  1944  season,  it  was  anticipated  that  tlie  rise  in  cases 
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in  the  spring  of  1045  would  be  less  tlinii  in  the  preceding  vein-.  This  prediction 
was  fulfilled  ns  the  inoiiths  passed.  The  jienk  np|H-aivd  in  May,  when  a  rate  of 
31  |>er  1,000  jier  aiinuni  was  recorded.  Sonic  iippivhensiveiirss  was  felt  concern¬ 
ing  the  jiossible  effects  of  the  Po  River  offensive,  especially  if  it  slowed  down, 
on  malaria  prevalence  in  the  troojis.  Fortunately,  the  campaign  was  a  short 
one.  The  nhrnpt  cessation  of  hostilities  on  8  May  1045  permitted  the  Army 
toestahlish  the  hulk  of  its  troops  in  thesoiitliern  Alps,  the  remainder  occupying 
isolated  ureas  throughout  tlte  l’o  River  Valley.  Thus  the  rise  in  case  nnnilier, 
which  hud  iieeu  anticipated  in  June,  failed  to  inateriiilixe.  On  Hie  contrary, 
there  wus  n  sternly  dmp  in  the  incidence  which  was  quite  plienoiiieiial  in  the 
light  of  exist  ing  coinl  it  ions. 

With  the  capitulation  of  the  (ieriniiu  armies  in  Kum|ir,  redeployment  of 
U.S.  troo]is  to  the  United  States  and  to  the  Pneitic  theaters  was  initiated 
promptly.  However,  while  this  movement  was  going  on,  ap]>roximately  one- 
half  the  theater  strength — Air  Forte  and  Service  troops — was  established  in 
malarious  areas.  As  the  Army  divisions  were  redeployed,  they  were  required 
to  occupy  some  of  the  more  dangerous  areas  while  staging.  It  is  believed  that 
the  intensive  work  accomplished  by  tire  War  Department  malaria  control  units, 
in  addition  to  tlte  widespread  use  of  D1>T  as  a  residual  house  spiny,  played  a 
significant  role  in  keeping  malaria  casualties  to  a  minimum.  During  the  1945 
malaria  season,  t  lie  re  was  a  total  of  6,W8>  cases  reported  in  tlie  tlicater,  a  rate 
of  20.5  |ier  1,188)  per  annum.  Again,  as  in  1944,  the  type  of  malaria  was  pre¬ 
dominantly  virtue  as  shown  by  the  following  species  distribution  for  the  year: 
2  jiercent  falciparum  malaria,  97  percent  vtrax  malaria,  quartan  rare,  and  tire 
remainder  type  unspecified. 


Primary  Malaria  Rates 

As  reported  previously,  malaria  control  officers  believe  that  the  best  ap¬ 
praisal  of  their  efforts  and  fortune  are  the  trends  of  new  or  primary  malaria 
rates.  Field  malariologists  gathered  this  information  more  or  less  independ¬ 
ently  in  NATOUSA  during  1943  and  more  systematically  in  MTOUSA  during 
1944  and  1945.  On  the  basis  of  personal  interviews  with  patients  or  from  forma 
filled  in  by  medical  oCcers  on  the  waids,  they  determined  from  encli  patient  his 
unit  assignment  and  history  of  previous  malaria.  On  1  July  1944,  the  Medical 
Section,  COMZONE,  NATOUSA,  required  its  hospitals  and  separate  dim 
pensaries  to  use  a  supplemental  communicable  disease  repeat  in  addition  to  the 
weekly  statistical  health  report.  The  new  form  indicated  whether  or  not 
pati.  its  were  assigned  to  the  command  to  which  the  hospital  was  responsible 
and  wliether  or  not  the  condition  for  which  they  were  hospitalised  (including 
malaria)  was  a  primary  or  a  subsequent  episode.  This  relieved  the  bam  section 
malariologists  of  an  onerous  task  and  provided  better  and  more  extensive 
operations!  information  for  their  use.  The  Medical  Section  continued  to  re- 
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quin-  this  ivjxiri  from  its  liase  section  hospitals  ami  dis|>e  usuries  after  COM- 
ZONK  Imd been  inactivated. 

Ttihle  shows  ti  coiiiptirison  of  primary  and  total  nmliiriu  nttnck  rail's 
for  the  iimiit Its  when*  reasouiihly  de]H*mluhle  data  wen*  available.  It  was 
admittedly  not  |xissihle  to  ascertain  the  exact  amounts  of  malaria  transmitted 
each  year;  nevertheless,  certain  calculations  Iwsed  on  ivasonalde  assumptions 
imlicr ‘  .  t  least  the  relative  degrees  of  transmission  each  year.  According  to 
the  tl  ter  lualuriologists.  the  primary  rate  |>er  1,000  for  1  f *4->  was  prolmbly 
somewhere  in  the  sixties;  for  1044,  soiiM*whei-e  in  tlie  thirties;  ami  for  11)45,  it 
was  probably  less  t  Ini  a  ten. 

Civilian  Malaria  Experience  in  Italy 

The  relatively  fuvondde  military  malaria  experience  in  Italy  poses  the 
question  whether  the  low  Army  rates  wen*  due  to  effective  control  efforts  or  to 

nothing  more  than  the  good  fortune  of  living  present  when  the . laria  jxiteutial 

was  reduced  abnormally.  The  answer  to  such  an  inquiry  would  lie  given  by  n 
determination  of  uiularin  prevalence  in  tlie  civilian  pollution  at  the  time  of 
Army  orvii|mti»u.  I>ntn  concerning  malaria  morbidity  and  mortality  in  the 
yeurs  from  11)3!)  to  104b  m  Italy  are  meager  and  imperfect,  Imt.  such  as  they  are, 
they  tend  to  indicate  a  violent  u|>surge  of  epidemic  malaria  among  civilians, 
|wrticulurly  in  tlie  war-turn  areas. 


Taii.E  :u.  1‘rimnry  and  total  malaria  attark  rmlrs  m  MTUt'SA,  hospital  and  quarlrrr,  prr 
tytddt  prr  amnnm  hp  months,  l!>44  4o  1 
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Itefore  ltcKt,  ni:i  In  ria  xvns  on  t  lie  downgrade  in  1  Inly At  I  lit*  turn  of  tlie 
criitmy,  M in lunl  fuse  rales  of  ulxHit  l.tHHI  mill  dentil  mil's  nf  40  In  ."ill  ]>er 
100,000  prevailed.  Tlii'ir  sternly  di>seeiit  thereafter  was  interrupted  by  World 
War  I  but  renelied  iilltiuic  lows  of  126  cases  |K>r  1IH)JNN>  in  1  f  Ktl)  and  1.1  ilcntlis 
l*er  pm/xio  in  l!Mo.  This  whs  ilnn  lo  ilie  large-scale  iurririiltuml  ili>vi*lo|nin'iit. 
of  low,  fertile  coastal  mi'll s.  Extrusive  Inml  m-lmiiiitiim  drainage  (bonifica¬ 
tion)  by  gravity  untl  pumping  systems  was  practiced.  This  not  only  nbolislied 
largo  acreages  nf  in  1  ntinplieliiie  production  Inn  freshened  t In*  soil  as  :» 

mailt  of  rainfall  nml  tlrniiiiigv.  Tims,  it  I'liininntisl  tin-  dangerous  i'nrrii‘1’. 
.1,  Mirhiii'ori — a  brackish- water  buss  I  it — from  numerous  sections  where  it  Inul 
flourished  previously.  Furthermore,  rnniiiiing  tin*  wati'r  in  llirst'  con  si  a  I  lmv- 
ln nils  to  drniiingewnys  made  it  |s»sil>le  ■  < >  apply  pnris  givim  cheaply  anil 
effectively  where  ibis  supplementary  measinc  was  indicated. 

1  hiring  1 1  hi  curly  years  of  the  war,  fmm  111.  lb  to  1042,  malaria  increased 
us  shown  by  ilicnininal  uinlnrin  morbidity  rales  |>er  Iihijhni  iv]mii1is1  as  follows: 


llWl  kill 

ltcKi  . . —  .  .  tan 

lftHi  1.17 

urn  l  . 

MM2  _ lis 

Actual  rates  were  uiuloolitpdly  nmrli  liiglier  as  tlie  iiii)ierfect iiais  nf  |ieaivtinie 
malaria  ease  re|>ortiug  are  always  enlniin-ed  ilnring  wars. 

Official  vital  statistics  fertile  eoinitry  were  not  arnilnlile  after  1042;  such 
figures  ns  n  hi  hi  lie  gathered  were  fragineiitnry  ami  pnivisional.  From  I  Item,  it 
ap|irant  that  tlie  “lieel”  area  of  .Italv  allowed  little  change  in  umlnrionsneee 
during  the  war  years.  This  was  tlie  sect ii hi  of  tlie  country  least  disturtird  liv 
active  warfare.  On  the  otlier  hand,  tlie  southwest  coestal  province*  and  those 
in  the  nortlieast  (Po  River  Valley)  experienced  reported  increases  of  from  2 
to  20  times  their  prewar  malaria  case  burden.  From  Terracina,  Fondi,  Gad*, 
Cassino,  and  neighboring  rural  settlements  came  reports  of  hyperendnuie 
ami  fatal  malaria.  Similar  accounts  came  from  flic  provinces  constituting 
the  Veneto  arm  through  which  the  final  offensive  nf  tlie  war  was  purl.nl. 
These  are  tlie  areas  where  the  hand  of  Mars  was  laid  nsst  heavily,  where 
flooding,  alieUing,  liombing,  and  digging  in  multiplied  natural  opportunities 
for  Noo|4icline  product  ion.  Meteoralogic  inftuences  also  favored  increased 
anophelitun,  but  this  effect  was  not  productive  of  such  high  malaria  morbidity 
rates  in  tlie  Allied  forces  as  occurred  in  the  neighboring  civilian  pnpulal ion. 

In  .summary,  tlie  evidence  indicates  that  (1)  in  die  face  of  epidemic 
malaria  prevalence  among  tlie  Italians  in  11444  ami  1£M7>,  the  incidence  of 
malaria  in  I’.S,  troops  renin i nod  relatively  low;  and  (2)  tlie  degree  of  success 
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achieved  in  iniliinrv  msiliiriii  <*»niro|  wn*  a<vniupli>|ied  in  spile  of  Mini  uni 
becnnseof  nut  11111 1  (nnw. 

ANTIMALARIA  l*OI.K:Y  AND  ORGANIZATION 

As  in  nil  theater.'*,  initiinalnris  poliev  nml  organization  evolved  slowly. 
Until  dm  lute  spring  maiitlis  in  1 :0-l,  dm  malaria  euiiir<>l  program  wiis  in  the 
stage  of  planning,  formulating,  obtaining  l«»‘iil  nniliiriit  iuielligeme.  liaison 
nitli  civilian  lieultli  agencies,  and  general  development  wliieh  ncc«-ssii rilv  pie¬ 
ce*  les  the  physical  organ  izni  ion  pi  in*'. 

Initial  Stage 

A  malaria  advisory  hoard  was  established  by  the  Director  of  Medical 
Services,  AFIIQ.  under  tlie  clmirii“M>ship  of  Brig.  K.  li.  Roland,  the  consult¬ 
ing  physician  (British).11  AH  nationalities  ha- illy  concerned  in  the  problem 
were  represented  in  its  mcinliersliip  which  inchnled  Lt.  Col.  Perrin  II.  Long, 
MC,  Consultant  ill  Medicine,  .NA’fd|  SA.  and,  later,  the  Preventive  Medicine 
Offieer  anil  Mnlnriologist,  XATOlNA.  This  griHip  inventoried  and  assessed 
malaria  control  facilities  existing  in  the  theater,  set  the  policy  for  theaterwide 
suppressive  medication,  suggested  that  civilian  health  agencies  lie  sulisidized 
to  provide  environmental  malaria  control  for  Allied  troojis  u  round  cninps  and 
hivoimc  sites,  considered  tlie  varies  malaria  problems  as  tliey  arose  in  the 
tlirater,  and  made  recommendations  regarding  their  solution. 

During  tlie  early  days,  Colonel  Long  acted  in  the  rapacity  of  preventive 
medicine  oftrer  and  cwavniel  liiniself  act  ively  in  lay  ing  the  basis  for  the  future 
antimnlaria  activities.  He  lield  conferences  with  British  and  Frem-li  malaria 
control  representatives  and  worked  out  an  arrangement  with  civilian  health 
agencies  whereby  they  were  to  a^nioc  responsiliility  for  tlie  lmlk  of  environ¬ 
mental  malaria  sanitation  in  extruniilitary  areas.  Plans  were  niaile  for  a 
theaterwide  suppressive  Atabrin?  tlierapy  program.  Requests  for  s|iecial  anti- 
nialuria  personnel  and  supplies  were  placed  with  the  War  De|»rtment.  Com¬ 
bat  unita  commenced  troop  training  »n  malaria  control  discipline.  Exploratory 
survey  operations  were  launched-  limited  control  activities — drainage  and 
latriciding — were  conducted  in  those  ai*a»  where  year-round  anopheline 
production  occur*.  These  were  directed  by  Medical  Corps  or  Sanitary  Corps 
officer*  under  the  supervision  nf  lotf*  section  medical  inspectors.  By  the  end  of 
May  IMS,  four  survey  and  four  eontml  units  hod  arrived  from  the  United 
States  and  had  been  assigned  to  various  base  sections  for  duty.  They  im¬ 
mediately  commenced  malaria  survey  activities  in  and  aiiout  Army  installs!  ions 
and  acted  in  advisory  and  inspectoral  capacities  with  regard  to  autimaiaria 
activities  conducted  by  the  various  4\m,y  units  within  their  own  camp*  ami 
those  carried  on  by  civil  organisations  insofar  as  they  nlfectcd  Army  |  o-rsonnel 
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On  !>  •lime  1144:1,  ii  theater  innhirialogist  initl  mi  assist  mu  tlieiiler  mnhiriologist 
wen*  dcsipinted.  Tlie  orpinixiitioii  tn  which  they  lielonp*d,  n  iimhiriii  emit  nil 
detachment  recently  arrived  from  Lilieriu,  ultimately  lieciinie  I  lie  malaria  con¬ 
trol  headquarters  unit  for  tin*  then  ter. 

Policy  Development  and  Expression 

The  |Nitieru  of  iidniiuistrativr  responsibility  in  iiiiilnriii  control  ns  it  linnlly 
iIevelo|ietl  wits  us  follows:  Mnhiriii  control  t**!'cy  uml  yvncnil  ndniiiiistrntivi* 
procedure.  ill  XATOI’SA  (MTOl'SA)  originti.ed  in  the  medical  section  of 
the  tlienter  heii(h|iinrters,  with  the  theater  siirjrcon.  the  chief  of  preventive 
medicine,  nml  the  tlienter  mahiriologist.  These  were expressed  in  ciivulnrs  mid 
iidininistrnt ive  nieinonindniiis  published  from  AFIHJ  mid  XATOI’SA 
(MTOl’SA)  heiidipnirters.  They  K|ierilied  or  clnrilied  such  considenit ions 
ns  ( I)  relative  res|H>usihilit ies  of  various  I’oiiiiiiands  in  areas  jointly  lampied 
by  Allied  lroo|is."  (2)  dates  for  the  liepnning  and  ending  of  nmlnrin  control 
operations,15  (,‘l)  |>crsonnl  preventive  inensnres  and  suppressive  medication, 
the  Imsis  for  atul  method  of  issuing  Atnhrine  mid  ipiinine  for  suppressive  pnr- 
|hh»*s  to  static  mid  moving  troo|*i,  (4)  the  designation  of  mnlnrioiis  mid  iiimi- 
malarious  areas,  tlie  tlienter  malarin  control  orpin  izat  ion,  (.ri)  eonuinind  re- 
s|  mii  isi  I  >i  I  i  t  ies  for  malaria  emit  nil.  (('»)  nlloliiieiit  of  nmhiria  cunt  ml  supplies  to 
individuiils  anil  units  (7)  enlisted  nieii  lint iiinilnria  details,  (8)  malaria  control 
instructions,  (It)  pro|ier  use  of  |**rsonal  mid  eiivimmneiiliil  preventive  nieas- 
ures,1*  tlie  unrestricted  use  of  DDT, 11  and  ( 10)  npplii-ntion  for  airplane dusting 
service.11  These  directives  or  ]iertineiit  parts  of  them  were  republished  by 
sulitlieater  commands. 


Supplies 

Estimates  of  tlieater  mptiretnents  for  nmlarin  cunt  ml  supplies  were  made 
ami  tlieir  distribution  within  the  theater  suggested  in  (lie  Preventive  Medicine 
Section  of  tlie  Surfreon's  Office.  Tliese  were  sent  to  tlie  engineer  ami  qnarter- 
maater  sections  of  the  theater  headquarters,  where  unfailing  cooperation  in 
effecting  the  recommends!  ions  was  always  evidenced.  During  each  month  of 
the  active  malaria  control  season,  supplies  on  hand,  in  transit,  and  due  into 
various  major  depots  were  inventoried  by  the  malsriolagist  and  were  reported 
to  the  theater  surgeon.  By  this  means,  a  reasonably  current  picture  of  the 
status  and  t  he  (low  of  supplies  throughout  the  t  heater  was  maintained. 


><  A*m«fetnllv»  Monwaadam  X*.  »t.  llWj  IT  Mar  1W4,  aak>H:  AlWrailM  «f  Kwi,»aiUIIWr 
Hr  Malaria  CMtrtl 

»  IffiffitBMff  1 *.  ».  2*4. 

“  Clrralar  Kffi.  72,  HnHincfH,  XATOt'SA,  2"  Mmy  INI. 
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Theater  Malariologist 

The  (licit  ter  itiiiliiriolngist  iidininiste  red  the  special  n  in  limn  control  organ¬ 
ization.1”  He  was  res|>onsib!e  to  the  Surgeon,  XATOI’SA,  through  the  Chief, 
Preventive  Medicine  Section,  Office  of  the  Surgeon,  XATOl'SA,  and  main¬ 
tained  clone  operational  liaison  with  Col.  Pmil  K.  Knssell,  MC,  Chief,  Malaria 
Control  Hnnicli,  Allied  Control  CoinniisKion,  and  Prig,  (ieorge  MacDonald, 
KAMC,  llritisli  Consultant,  Malarinlogist,  AFI1Q.  Special  iintiinalaria  unit 
Mtnntioii-iiiid-stiitus  re|>orts  were  submitted  to  the  theater  surgeon  each  month 
hy  tile  iiialariologist.  On  lii.s  tvconiineiidat  ion,  nnihiriologists  mid  units  were 
moved  as  needed  front  one  theater  siilidivisinii  to  another,  Ktforts  were  made 
to  distribute  the  antimalariu  units'  technical  infornmtion  jiertninmg  to  malaria 
and  its  control  which  nrrived  in  the  Met  lien  I  Section,  llead<)iinrters,  Xortli 
African  tlieater. 


Special  Organization  for  Malaria  Control 

The  organization  consisted  of  a  provisional  malaria  control  liesdqiutrters 
unit.  War  Deimrlment  malaria  survey  and  emnnd  det iiclnoents,  and  a  section 
of  a  ferrying  squadron  used  to  o|ierate  dusting  and  spraying  airplanes.  In 
addition,  each  cuni|mny,  battery,  or  similar  unit  maintained  enlisted-man 
malaria  details  as  directed  by  War  Department  Circular  Xo.  223,  dated  21 
Sei'temlier  1043. 

It  is  ini|tue*ilile  to  assign  accurately  llte  pn>|ier  amount  of  credit  due  to 
the  “enlisted-men’'  or  unit  antimalaria  details  for  their  malaria  control  achieve¬ 
ments  liecaiisr  n«  systematic  accounting  of  their  efforts  is  available.  The  tle- 
tnils  were  trained  and  in  many  instances  were  supervised  by  the  special  malaria 
control  organisation.  Tiiey  were  mentioned  frequently  in  the  local  malariolo- 
gists’  reports,  but  no  routine  recording  of  their  activities — separate  from  ma¬ 
laria  control  acootnplishnients  in  general — was  ever  required  or  made.  It  is 
known,  however,  that  while  these  were  variable  in  quantity  and  quality,  their 
aggregate  effect  must  have  been  very  consideraltle.  This  eras  true  especially 
in  Fifth  UA  Army  arras  and  in  Army  Air  Force  installations. 

It  was  interesting  to  note  that,  in  the  Air  Force  installations  during  1M4, 
these  antimalaria  details  were  made  up  exclusively  of  Medical  Department 
personnel  (except  in  antiaircraft  artillery  units)  and  they  worked  under  the 


»<>«  S  law  IMS.  CM.  Lana  D.  Italia,  MC,  umiiIs.  aKlU.CS  laada  M.  A.Zr.wa.  BaC. 
aataui  Malaria  casual  PrUOam.  araaa  altar*  i  a  to  tha  Mf  cal  Srrttaa.  MMnaSaa,  XATOtTOA. 
far  aat y  aa  aala itSaSS  aaS  aaatateat  toatarlalulal.  rr^rtlrrly.  aairttr  SsaaSir.  OMaari  Maaea 
waa  hwiHlIaM  hf  rhaaaaatoM  arthrttta  aaS  aHhaalilf  ritarwrS  to  tfca  Xaar  at  lair'  tor. 

Oa  M  iaty  this,  CM.  lull  L  WSHawa,  Jr  ,  UKfM,  antrM  aaS  ear  SwtsssIrS  Ihratrr  atohrrt- 
ataSal.  B-  vaa  atrlrhra  with  raraaary  Uaaaaa  aa  SI  Juts  ant  thaa  toralar  asarallaMr  tar  Mj. 

Oa  It  liilialir  ItU.  CM.  Past  F.  SaarrU.  MC  arrtraS  JBt  waa  SaMtaatrS  thratrr  toaiartotoatot. 

Oa  4  Marrh  ISM.  Cataart  KaaaMI  Mt  thratrr  haaSsaartora  la  hrrwaar  Chtrt,  Malaria  "isatrM 
araarh.  HIM  •'aatrai  Caaaaataa.oa.  lit  Catrart  AaSfrari  waa  MiaaM  thratrr  aMlartohwtat. 

Oa  •  Jaanary  IMS.  Cataart  ,'ihiwa  waa  stiniri  ta  thr  laa*  at  lalrrtor  Car  ri<i|la>aral. 
Mr J,  Thmaaa  1  (1.  Altkra.  Sr.C,  was  SrUsaatri  theater  ■atartrtastat,  a  paaHlac  which  hr  rrtatarS  art* . 
alter  thr  -afttrlattoa  at  Hr  raray  traaea  la  aarthrra  Italy  aa  >  May  IMS 
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direct  sn|nTvisiou  «f  medical  officers.-"  This  practice  wus  not  in  conformity 
with  War  Derailment  Circular  So.  £2:1  which  *|*>cilios  I  lint  iiiitiiiiularin  <  lot  nils 
will  he  made  up  of  Medical  Itepurtinent  soldiers  only  in  inodiciil  units.  The 
circumstances  which  urged  this  departure  from  the  directive  were  tlmt :  (T) 
Many  Army  Air  Force  units  were  rom]>osed  entirely  of  s|>ecinl  technicians  with 
full-time  duty  res|Ninsihi lilies;  (2)  Army  Air  Korn*  medical  units  wore  so  gen¬ 
erously  muiuied  that  the}'  could  ulToivl  to  supply  the  men  without  detrimental 
elfect  1 1 1 m>ii  the  fultillmeiit  of  their  primary  functions:  and  (.'!)  the  malaria  sur¬ 
vey  mid  control  units  scheduled  for  the  Army  Air  Force  were  delayed  in 
arriving  and  it  was  essential  for  the  Army  Air  Force  imilariologist  to  contrive 
some  sort  of  working  organization  to  take  on  the  tusk  of  providing  environ¬ 
mental  miliaria  routrul.  In  spite  of  this  colit  ruvent  ion  of  Medical  I  Apartment 
policy,  the  iirrangeuieiit  turned  out  to  he  an  admirable  one.  Indeed,  it  is  doubt¬ 
ful  if  us  much  work  was  ueeomplislied,  in  ]>ni|Nirtion  to  total  st length,  hy  en- 
listed-meu  antimahmn  details  in  other  major  cominunds  during  1!>44. 

Headquarters  a  nit. — This  unit  consisted  of  four  officers  and  seven  en¬ 
listed  men.*'  Ill  tlie  early  spring  of  1!M4,  it  Item  me  a  provisional  XATOFSA 
organization  with  lit  officer  and  20  enlisted-man  position  vacancies.  Officer 
menilters  were  availahle  for  attachment  to  surgeons’  offices  in  bnse  section,  Army, 
and  Army  Air  Force  headquarters  for  duty  as  nialariologists.  Tliese  malari- 
ologists  Imd  teclmiciil  direction  of  (lie  malaria  survey  and  control  units  assigned 
or  attached  to  their  respective  lieadquarters.  As  long  as  consitlerahle  numbers 
of  C.S.  troops  were  maintained  in  Africa,  they  coordinated  the  work  of  French 
liealth  agencies  titling  malaria  control  in  tlie  neigliliorliootl  of  military  installa¬ 
tions.  Through  tlie  nialnriologtsts,  malaria  survey  and  control  unit  activities 
were  re|M>rtrtl  in  presented  form  to  the  surgeon  of  the  organization  to  which 
tlie  unit  was  attaclied  or  assigned.  Each  month,  tlie  weekly  unit  re|s>rts,  to¬ 
gether  with  accounts  of  nislariologists’  set  i vines,  were  consolidated  hy  the 
local  mnlnriologists  anti  aulnnitted  to  tlie  local  surgeon.  These  monthly  re]*orts 
were  tlien  sent  by  the  latter  through  channels  tt>  the  tlieater  surgeon. 

Lead  aattamliria  setts. — As  of  1  July  1M3,  there  were  four  malaria 
survey  units  anti  four  malaria  control  units  in  tlie  theater,  in  addition  to  the 
2655th  Malaria  Control  Detachment.  There  were  no  nialariologists  other  than 
the  theater  and  assistant  theater  nialariologists.  By  the  end  of  the  year,  one 
more  survey  unit  ami  three  more  control  units  had  arrived  ami  eight  officers 
(six  Medical  Corps  and  two  Sanitary  Corps)  reported  in  the  tlieater  for  duty 
as  assistant  nialariologists.  They  were  assigned  to  the  2655th  Malaria  (  ontrol 
Detachment  as  authorized  overatrrngth  pending  approval  of  tlie  revised  table 
of  organization  for  that  unit. 


-■*  Kre  fiMdwdf  3,  |».  29*. 
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During  1044,  10  more  control  noils  were  urlivnlecl  nntl  trained  in  t In* 
theater.  They  were  commanded  by  officers  trained  in  t lie  I’niled  Slntes  nml 
sent  over  for  t  lint  pnr)iose.  One  more  survey  unit  arrived  completely  I  milled. 
On  1  Xovendier,  two  control  units  were  lost  to  t lie  theater  when  KTOI'SA 
took  over  nil  l‘.S.  t  mops  remaining  in  Frmice.  Tims,  the  nntiiniiliiriii  oignniza- 
t ion  reached  its  iniixinnil  strength  during  the  mnhiriii  season  of  11444:  ns  of  15 
August,  ns  shown  in  chart  8,  it  consisted  of  ti  survey  units  nml  17  control  units 
mid  14  ndministmtive  nuihiriulogists,  12  of  wlnnit  were  assigned  to  the  2ti55ih 
Mtiltiria  Control  Itetnchinent. 

At  the  eloseof  the  1044  season,  when  it  was  realized  that  the  theater  would 
no  longer  have  commitments  in  North  Africa,  Sicily,  Sardinia,  or  Corsica,  it 
was  decided  to  reduce  the  iintinialarin  organization  Isith  in  ]iei-sonnel  and 
units.  The  officer  strength  of  the  2ti55th  Malaria  Control  Detachment  was 
cut  fnaii  13  to  0,  and  the  antinnilarin  units  were,  reduced  from  17  to  10  control 
units  nml  from  6  to  1  survey  unit.  Redeployment  of  officers  took  place  during 
the  winter  months.  The  In  oldest  units  were  dislmnded  in  February  by  War 
Department  order,  and  all  hut  three  officers  were  returned  to  the  United  Slates. 
This  drastic  reduction  occasioned  considerable  concern  regarding  tlie  security 
of  the  malaria  program.  In  order  to  safeguard  it,  authorization  was  olunined 
from  MTOUSA  to  organize  three  provisional  malaria  control  units.  In  ad¬ 
dition,  two  of  these  units  were  authorized  an  overstrengtli  of  14  enlisted  men  and 
1  ofl'irer,  making  a  total  of  25  enlisted  men  and  2  officers.  Win-re  ]Missilde,  an 
attein|>t  was  made  to  olitaiu  men  from  tlte  old  units  dislmnded  in  the  springs; 
this  jiolk-y  was  successful  in  retaining  about  30  percent  of  the  trained  personnel. 

Airplane  4 Bating  and  spraying  detachment. — This  detachment  con¬ 
sisted  of  American  and  British  pilots  in  tlie  327th  Ferrying  Squadron,  Medi¬ 
terranean  Air  Transjarrt  Service.  Tliey  ojierated  under  tlie  technical  direction 
of  tlie  Malariologist,  XATOUSA  (MTOUSA),  an  arrangement  requested  by 
tlie  Commanding  General.  Meiliterraneaii  Air  Trainqiort  Servh-e,  and  con¬ 
curred  in  by  the  AFHQ  committee  of  consulting  nmlariologists  ronsisling  of 
(lie  British  Consultant  Malariologist,  AFHQ.  the  XATOUSA  Malariologist, 
and  the  Tropical  Disease  Consultant,  Royal  Air  Force.”  In  11444,  the  US. 
contingent  consisted  of  l»  pilots  and  22  enlirted  men;  in  11445,  of  It  pilots  ami 
18  enlisted  men;  at  no  time  were  more  than  A  pilots  operating  planes.  They 
were  equipped  with  two  L-5  oliservation  planes,  three  l’T-lf  (Steannan) 
trainers,  all  of  which  were  equipped  for  dusting  in  1944  with  one  modified 
for  oiling  in  1945,  ami  ten  A-20  (Boston)  light  Isanliers,  four  of  which  were 
•quipped  for  oiling  and  six  for  dusting. 

From  administrative  and  operational  view|ioints.  it  was  advantageous  to 
base  aircraft  ami  flying  (lersonnel  at  as  few  |»oints  as  possible.  In  H444,  prac¬ 
tically  all  the  dusting  and  spraying  in  Italy  was  done  front  Ca|M>dichino  Air¬ 
port.  tliongh  planes  and  pilots  were  attached  for  brief  periods  to  Fnggia  Main 


**  killer.  I'ttWMHdlRf  (rAPfriil.  <«»  <*tH*u*prd1nc  (ifih-nil.  MHUrrmnnin  AIIM  .\lr  Fowt, 
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Air|iotl  in  east  Italy  mid  at  Cnstiglionc  del  I-ago  Airfield  in  eentnil  Italy. 
t)tlier  separate  installations  remained  for  die  entire  season  in  Sardinia  and 
in  Corsica.  In  a  lioine  liase  was  iniiintnined  at  Caixidichiiio  with  ad¬ 

vance  bases  set  up  in  northern  Italy  in  the  l^ghoru-Pisa  sector  and  in  the 
Kiniini-Veroiia  area. 


ANTIMAI.ARIA  ACTIVITIES 
Training 

Tile  need  fur  troop  iindrrxiiitidiiig  of  and  familiai'lly  with  the  piix-ednivs 
of  nialaria  hygiene  and  snnitiition  was  clearly  recognized  hv  Colonel  Hassell, 
theater  unihiriologist,  daring  the  latter  aioiillisof  1!>43.  lie  urged  the  develop¬ 
ment  of  an  Allied,  theaterwide,  ninhiriii  <*oatrol  teaching  project,  as  a  winter 
activity  for  aiiiiinahiria  |iersoiniel.  This  was  directed  forthwith  23  and  the 
Alii. d  Force  Malaria  Control  School  liernnir  an  active  entity  in  the  early 
months  of  M>44  (tig.  32). 

As  finally  established,  this  school  was  set  up  in  three  related  lint,  virtually 
autonomous  sect  ions,  American,  British,  and  French.  Knelt  section  director 
outlined  and  sn|iervisrd  the  presentation  of  courses  suitable  for  iiei-sonncl  in 
his  sect  ion.  Some  interchange  of  lectures  was  made  among  the  British.  Ameri¬ 
can.  and  French  schools  held  in  Algiers.  At  the  suggestion  of  die  Surgeon. 
A  FI  IQ  (British),  interallied  dinners  for  tlie  students  of  various  nationalities 
■were  featured  )ieriodiv«lly  iu  Algiers. 

'Hie  liasic  faculty  of  the  American  Section  of  the  Allied  Force  Malaria 
Control  School  was  composed  of  members  of  tlie  ‘iO-Vah  Malaria  Control  IV- 
tarlmient  (Overliend ).  Tliese  officers  were  given  a  preliminary  training  course 
hy  die  assistant  tlieater  iindariologist  in  Algiers  late  in  11)43.  As  lliev  were 
attadicd  to  tlieir  respective  posts,  tliey  conducted  xclmols  similar  to  tlie  one 
in  Algiers.  Most  of  these  were  lield  during  January,  February,  March,  and 
April.  All  arrangements  for  aiinouiiceinents,  issuing  attendance  orders,  miss- 
ing  and  billeting,  and  transporting  student  officers  and  men  were  made  through 
regular  channels  hy  the  malariologists  assisted  in  field  and  teaching  duties 
by  officers  from  malaria  survey  and  control  units.  Certificates  were  generally 
awarded  at  the  successful  completion  of  tliese  courses,  so  that  suitable  records 
might  be  made  in  the  201  files  or  service  records  of  the  individuals  attending. 

Three  types  of  courses  were  given,  modeled  after  those  in  Algiers,  hut 
with  special  divergencies  and  emphases  as  dictated  by  the  situation.  Course 
One  was  designed  for  officers  of  the  medieal-ins|iector  type  who  had  adminis¬ 
trative  interest  in  malaria  control.  This  course  dealt  with  clinical,  epidemi¬ 
ologic,  and  preventive  aspects  of  malaria.  Guest  lecturers  were  invited  to 
participate  ami,  es|ieeially  in  Algiers,  strengtliened  the  content  of  the  presenta¬ 
tion.  Course  Two  was  ilesigned  for  laboratory  officers  and  technicians.  Train- 

■Tralain*  MmtoraadaM  5*.  92.  AFHQ.  22  Not.  I  mi.  Alllrd  For rr  Malaria  Coalrol 
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Florae  32. — Allied  Force  Malaria  Control  School  at  Aoalo-Netlnno  la-arlihead. 


iiifr  was  iriven  in  (lie  iiinkiu^r  mid  stniiiing  l»v  vnritms  methods  of  thick  blood 
films  and  I  lie  identification  of  tile  various  stsges  and  s|  levies  of  tlie  malaria 
parasites.  Course  Three  was  designed  primarily  for  enlisted  men  who  were 
to  serve  as  smi iimi lurin  details  although  il  was  attended  also  by  line  officers 
del  ailed  as  antinialaria  officers.  It  consisted  of  brief,  didactic  training  in  the 
principles  and  demonstration  of  the  procedures  used  in  malaria  control 
practice. 

American  Section  schools  were  held  in  Algiers,  Oran,  Bizerte,  Palermo, 
Cagliari,  Naples,  Casertn,  Foggia,  Bari,  San  Severn,  Cerignola,  Spinauola, 
Mandnria.  and  at  the  Anzio-Nettuno  beachhead  (fig.  S3).!‘  According  to  the 
local  malariologist8’  reports,  7,540  officers  and  enlisted  men  received  training 
at  these  schools.  This  was  about  1.2  percent  of  the  total  U.S.  strength  at  the 
time  the  schools  were  conducted  and  represents  a  substantial  troop  contact. 
It  was  recognised  that  educational  efforts  should  not  stop  with  the  expiration 


"  The  hM  at  the  Aaato-Xettaaa  beachhead  hemi  apertal  ihhmI.  It  wee  the  targeat  (aen 
thaa  MW  »l»n  a  Ml  eallated  an  were  t  retard  there  i  heM  la  1N4  aad  waa  eeadaeted  II  terwll/  wader 
■re  at  all  dan.  The  haapltal  am  Mad  the  lean  daacrtoai  oar  arallaMr,  ao  the  dhlactle  imklai 
waa  preaaated  three  la  a  drwhle  ward  teat  llherallr  eorrred  with  red  rroawra.  Sot  antll  the  tret  dar'a 
elan  ant  red — a  rawed  to  the  teeth  t — did  It  eeear  te  the  laetraeter  that  the  ptetare  of  the  r»aHMrl; 
acceatered  wtadeata  roiaw  la  aad  oat  af  I  he  tea'  aad  Innnatac  armed  It  dartaa  the  10  nlaatr  "hreaka,” 
if  tahea  hr  a  Geratan  phototeeoaaalaaaace  plaae.  night  he  JaatllaMr  laterprrted  a»  rrldeare  of  a 
hcroch  af  the  Greer  a  eearrattoea  aad  arrre  aa  thr  haaia  for  a  del  Iterate  altark  oa  Ihe  hratdtal  area  ! 
Mrthla*  af  the  reft  erer  happened,  hat  It  look  a  loaa  daja  to  get  Ihe  order  cowatenaa aded  rrqalria* 
all  eaadnt  eoWlrra  to  rarrj  araaa  at  all  tinea — eo  that  the  etadeata  roaM  coate  to  arhool  aaa need. 
Thla  waa  the  amrr  maarkaUe  herawae  the  hoapltal  area,  aecordlag  lo  the  aacaaailr  arrarale  reporta 
af  lath  Boaja,  waa  wader  apaclal  aarraUtaaca  at  thr  Sat. 
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Flt.rite  33, — Group  at  Anilo-Netlnim  beachhead  receiving  Bold  ln»t rn<  | ions  In  malnrln 
control.  Hospital  area  appears  in  ha<-kKrmw<l. 


of  a  school  project.  Accordingly,  some  51  miscellaneous  lectures  were  given 
by  assistant  malariologists  to  military  audiences  totaling  more  tluin  C,500. 

Inasmuch  os  so  many  persons  connected  with  malaria  control  had  received 
extensive  schooling  during  1944,  comprehensive  training  was  unwarranted  in 
1945  and  a  modified  educational  project  was  proposed.  This  consisted  of  1-tluy 
schools  held  by  local  malariologisU  and  assistants  for  (1)  officers  entrusted 
with  antinialaria  instruction  of  troops  or  who  supervised  tlie  activities  of 
enlisted-men  antimalaria  details,  and  (2)  enlisted  men  of  the  unit  antinialaria 
details.  In  the  main,  these  schools  were  held  during  March  and  April  jnst 
before  the  malaria  season. 

Tlie  courses  for  officers  included  the  history  of  malaria  in  the  theater,  a 
prognosis  of  the  malaria  hazard  and  problems  for  1945,  the  duties  and  inter¬ 
relationships  of  antimalarim  personnel,  antimalaria  education  of  troops,  the 
training  and  use  of  unit  antimalaria  details,  where  ami  how  to  get  supplies 
and  equipment,  and  the  1945  theater  policy  for  suppressive  Atabrine  therapy. 

The  courses  for  enlisted  men  dealt  with  the  importance  of  malaria,  utiliz¬ 
ing  the  “Graphic  Portfolio  on  Malaria”— War  Department  Graphic  Training 
Aid  8—4.  which  gives  a  brief  deeerijition  of  anopheline  and  culirine  mosquitoes 
and  their  comparative  bionomics,  malaria  control  procedures  to  be  practiced 
by  enlisted-men  antimalaria  details,  care  and  use  of  equipment,  and  demon¬ 
stration  of  moequito- collecting,  house-spraying,  oil-larviciding,  and  ditching 
techniques. 

A  special  course  was  offered  to  officers  and  technicians  in  the  Air  Force 
Group  Aid  Dispensaries.  These  units  were  in  the  process  of  being  equipped 
with  microscopes,  and  a  majority  of  the  technical  personnel  assigned  were 
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inexiierieiKcd  in  tta  preparation  nn<l  interpretation  of  thick  blixx]  films  for 
nnllnriii  <liil gliosis. 

These  schools  were  held  in  Naples,  Koine,  Gross* ‘to,  Sienn,  Leghorn,  Pint, 
Florence,  Cnttulica,  Torre  Mnggiore,  Foggin,  Cerignohi,  Spiiiax/.ola,  I  lari,  Man- 
duria,  and  in  the  iiioiiiilains  of  the  Fifth  U.S.  Army  sector,  north  and  west  of 
Florence. 

According  to  the  re|M>rts  of  lorui  nmlnriologists,  tV, i:M t  officers  mid  enlisted 
men  received  training  in  these  courses.  This  amounts  to  iiImiiii  the  same  troop 
contact  as  was  achieved  in  1044. 

In  addition  to  the  formal  training  activities,  awareness  of  the  nnilnria 
problem  and  of  the  necessity  for  unretnit  ting  continuity  in  niiilnrin  control  was 
stimulated  by  announcements  and  reminders  conveyed  both  by  radio  and  unit 
tiewsslieets,  hy  the  use  of  roadside  markers  indicating  the  taimdin-ies  of 
malarious  me. is.  hy  innlaria  control  ]Kisters,  and  hr  the  Issiklet  entit Its  1  "This 
is  Ann."  Most  of  the  posters  came  from  the  States  ( War  Department,  Medicnl 
Department  Item  Nos.  7.l77tM)l  to  12.  inclusive),  altliongh  a  feu-  originated 

ill  the  theater  and  were  reproduced  hy  engineer  . pping  units.  (Yrtnin  of 

the  illustrations  in  “This  is  Ann"  were  enlarged  and  printed  hy  civilian  con¬ 
tract  ill  Italy.  The  | Misters  and  |»unphlets  were  usually  in  evidence  in  mess- 
halls.  day  rooms,  and  on  company  bulletin  lioiirds. 

Survey  Activities 

These  were  minimized  in  NATOFSA  and  MTOFSA  from  necessity  rut  tar 
than  choice.  Tta  number  of  malaria  control  detachments  in  the  ttanter  was 
never  great  enough  to  provide  and  snjiervise  environmental  control  measures 
on  a  really  adequate  scale.  Consequ*  ally,  it  appeared  advisable  to  use  malaria 
survey  detachments  as  malaria  control  detachments  during  tta  malaria  seasons. 
In  some  instances,  the  malaria  survey  detachments  were  autlmrized  to  draw- 
enough  extra  vehicles  and  equipment  to  make  them  operationally  equivalent 
to  control  units :  in  ottars,  provisional  malaria  control  detachments  were  formed, 
by  theater  directive,  from  replacement  jiersonnel,  commanded  by  tta  extra 
officer  (parasitologist)  from  malaria  survey  detachments  and  equipped  as  ma¬ 
laria  control  detachments. 

Furthermore,  t  considerable  body  of  information  regarding  the  distribu¬ 
tion  of  malaria  and  anophelism  existed  in  each  country  and  island  occupied. 
While  these  data  were  not  always  up  to  date,  nor  as  nearly  accurate  as  might 
be  desired,  they  were  generally  useful.  It  seemed  pointless,  ttarefore,  to  en¬ 
gage  in  detailed  explorations!  surveys  except  on  those  rare  occasions  wlien  in¬ 
formation  from  local  civilian  sources  was  not  available.  Consequently,  tta 
bulk  of  survey  activit  ies  was  inspectoral. 

Spliwntry. — Spleen  palpat’on  as  a  rapid  measure  of  malaria  endeinicity 
was  not  widely  employed,  although  limited  and  isolated  observations  were 
made  in  nearly  all  base  sections,  armies,  and  Army  Air  Forces.  A  total  of 
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5,110  individuals,  mostly  children,  were  examined,  of  whom  1*2  |ht«yiii  were 
reported  to  have  enlarged  spleens.  Local  spleen  rules  varied  from  2  to  LI 
percent. 

Parasitology. — More  parasite  examinations  were  imnle  ill  relation  toeillier 
troop  strength  or  the  inimlier  of  imilHiiti  survey  detnelimenls  in  194:)  than  in 
either  1944  or  1945.  This  wiis  due  largely  to  the  necessity  of  checking  the 
blood-tilm  exit  munitions  of  hospital  laboratories  stuffed  with  |iersonnel  not 
yet  experienced  in  tile  recognition  and  identification  of  malaria  parasites. 
Epidemiologic  studies  Imsed  on  parasite-|>osilive  slides  were  not  possible  exivpt 
on  n  sniitll  and  unsatisfnclory  scale.  The  rapid  movement  of  units  and  indi¬ 
viduals  n ml  the  |>nssibility  nf  protrncted  incnliation  |ieri<Mls  I  resulting  (non 
suppressive  Atnbrine  therapy ),  daring  which  multiple  ex|uisnres  in  various 
places  tuny  have  occurred,  made  these  efforts  unproductive  in  discovering  where 
infections  were  contnicled.  They  did  point,  however,  to  a  rather  selective 
prevalence  among  trnckdrivers,  railroad  operators,  rwiks  and  kitchen  liel|N*rs. 
attendants  in  niiliiiirenift,  sen reli light  mid  locator  |sisls,  ami  among  im-inliers 
of  similar  details  in  which  duty  exjaisnre  lifter  dark  was  the  common  factor. 

During  194d,  more  than  12,000  blood  smears  were  examined  by  survey 
unit  personnel  ill  the.  t healer.  Tile  luck  of  homogeneity  ns  to  lime,  place, 
sampling,  ami  technique  precludes  drawing  statistical  conclusions  from  these 
data.  As  expected,  tertian  infections  ap|>ci»red  to  predominate  in  llie  early 
summer  months  and  estivo-aiitiimniil  infections  in  the  late  summer  and  fall. 
About  75  pereent  of  tlie  total  examined  were  survey  slides  math*  fnan  troops, 
prisoners  of  war,  or  natives  (mostly  children).  The  remaining  smears  were 
from  Itospital  patients,  tl»e  majority  of  wlsan  were  suspected  of  having  malaria 
from  clinical  eritlence.  Of  tlie  total,  11.5  percent  of  tlie  blood  tihns  were 
positive. 

In  1944,  over  14,000  smears  were  examined,  of  which  «ndy  .‘I  {invent  were 
positive.  Some  of  tlie  examinations  were  front  civilian  nr  Italian  military 
surreys;  tlie  others  were  made  to  check  Ixwpital  laboratory  malaria  diagnoses. 

In  1945,  there  were  no  parasitologic  surveys  due  to  tlie  fact  that  all  survey 
units  bui  one  were  deactivated  in  the  spring.  Tlie  one  remaining  survey  unit 
operated  in  the  capacity  of  a  control  detachment.  Accordingly,  the  control 
detachments  were  obliged  to  train  their  own  mosquito  inspection  teams.  In 
general,  these  consisted  of  two  men  per  detachment.  Lacking  diagnost  ic  equip¬ 
ment,  it  was  impossible  to  differentiate  anopheline  larvae  and  adults. 

Eutamalagy. — As  explained  previously,  most  of  the  mosquito  survey 
activities  were  inspectoral  rather  than  explorational.  The  following  species 
of  nimphelines  were  reported  by  various  malaria  survey  units  in  the  North 
African  and  Mediterranean  theaters : 

Anopheles  nlgeriensi*  Theobald 

Anopheles  elaviger  bifnreatus  Meigen 

Anopheles  hyrcanus  pseudopictu*  Grassi 

Anopheles  labranehiae  afro  parr  us  von  Thiel 
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Anopheles labronrhhie  lahranchlae  Fnlleroiii 
Anopheles  maculi/tennis  tiuirti/i /tennis  Meigen 
A  nopheles  marten  Senevet  and  Pnmelle 
Anopheles  tnelanoon  welanoon  Hacked 
Anopheles  phnubfHM  Stephens 
Anopheles suehaeofi  (elutus)  Favre 
.  I  nopheles  sn/nr/netus  (Iiiissi 
Anopheles  tuei'h nil!  (hls/sntiolti)  I^iston 
Other  members  of  the  nutrnfi/tennis  complex  wen?  probably  encountered  but 
were  not  recognized  liecaiise  of  the  |Ni)H'ity  of  survey  ]>ersoin>e1  and  equipment. 


Control  Activities 

No  environmental  control  measures  of  a  truly  permanent  nature  were 
attempted  in  NATOUSA  except  a  relatively  small  amount  of  land  fill.  It  is 
probable  that  much  of  tlie  o|ien  ditching  mar  have  had  certain  semipermanent 
control  values  if  tlie  requisite  maintenance  work  was  done  on  it  each  year. 
Generally  speaking,  each  Army  unit  was  responsible  for  locating  and  control¬ 
ling  all  nnopheline  breeding  and  performing  other  antimoeqnito  measures 
within  tlie  limits  of  its  installation,  and,  in  many  instances,  for  a  mosquito 
flight-range  radius  beyond. 

In  Xortli  Africa,  an  effort  was  made  during  llM.'t  to  utilise  civilian  health 
agencies  for  carrying  on  larviciding,  clearing,  ami  minor  hand  drainage  hevond 
the  military  are*  limits  to  the  extent  of  two  kilometers,  llaae  section  com¬ 
manders  were  authorised  by  NATOUSA  directive  to  draw  from  U.S.  military 
sources  transportation,  nonmedkml  supplies,  and  facilities  for  malaria  control 
as  dictated  by  circumstances  in  each  base  section  and  to  expend  up  to  500/WO 
francs  ($10,000)  a  month  for  civilian  labor  and  miscellaneous  items  for  the 
same  purpose.  This  idea  had  merit,  and  where  the  base  section  commanders, 
surgeons,  and  preventive  medicine  otfc-ers  took  a  constructive  interpretation  of 
the  directive,  the  supplemental  control  activities  thus  generated  had  definite 
values  both  to  mil  Harr  and  local  civilian  popnlat  ions. 

Unfortunately,  none  of  the  North  African  health  agencies,  with  the  possible 
exception  of  the  one  in  Morocco,  had  an  experienced  malaria  control  organiza¬ 
tion  large  enough  to  take  on  the  task  of  envinsi mental  malaria  control  around 
Allied  military  installations.  In  Algeria,  it  ra  customary  for  larrieidal  and 
drainage  improvement  operation,  to  be  performed  by  one  national  agency,  th* 
Service  de  la  Cokmiaation  et  de  I’Hydraalique,  under  the  technical  direction  of 
another  agency,  the  Service  de  Is  Sente  Publiqoe.  The  Eastern  Base  Section 


■  (II  Baawtt,  T.  T.,  tmtna.  L.  X..  aaS  S*mr.  A.:  bn  M  th*  Am*Mm  MupUtin  a f  th* 
WartS,  With  Mh  mi  Th*4»  ISraUaesttm,  Dtotrthaltaa.  nww.  aaS  Bciattaa  la  Xiltih.  PhOa- 
■SMyWa:  Th*  ABMTtcaa  rwaluUI  hat  Mr,  Th*  AtaStar  *C  Kataral  Prtrarra.  ISIS.  rr-  IS-SI. 
(SI  Kaaa.  X  »S  Bahrrta,  U.  X;  Za*HM  Allan,  fart  II.  Hahtmi  UM  WarM  AaofMlam 
lau^rtaat  la  Malaria.  fUaMrhb  ;  Th*  Aawrtcaa  Iht— hflal  SarVty.  Th*  AcaSaaqr  at  Xataval 
SriMuaa,  ISO,  re,  ST-M. 
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incl lull'd  | mils  iif  Ixitli  Algeria  mill  Tiinisiii  which  iiiiiiIi*  it  iieivxMiry  In  deni 
with  two  ilillrrent  mil  inn  n  I  litmltli  ilepti  ilineiil*.  These  citviiiiisiiiuce.siiiitiiriilly 
led  to  coiiiplii*iitii»ii.s  mid  iiiisnnilerstmitlinjrs  in  planning,  ivs|>oiisil)ility,  execu¬ 
tion,  ami  limilly,  in  iviiiihiii-seiin>iit. 

Larviciding. — The  treatment  of  . pliel'me  breeding  places  lit  destroy 

larvae  wiis  practiced  on  n  nntre  extensive  smile  tliini  nny  ntlier  single  emit  ml 
method.  The  i  in  ire  fns|iieut  amis  of  mosquito  |  tr<  m  1 1  n-t  ii  >■  i  were  snnill  st  minis 
and  diti'lies.  In  ninny  of  these  areas.  the  entire  water  surface  wns  invereil  by 
floating  mill  emergent  vegetal  ion,  mid  mosquito  breeding  extended  from  lunik 
to  lwnk:  in  i  alters,  plant  growth  wiis  marginal,  and  Inline  were  found  only 
nlnn^  the  elites,  especially  in  relai ion  to  small  vital  lit Mitngv.  In  either  ense, 
siippleineiiiiiry  clearing  anil  cleaning  were  needed  to  iinikc  hi rviciding  appli¬ 
cations  elective.  Tliese  physical  o]te  rut  ions  must  lnive  had  considerable  de¬ 
structive  effect  upon  the  larvae  themselves. 

Petroleum  nil,  usually  Xo.  2  diesel,  wns  the  lnrvicide  of  chnire  for  ground 
application.  Paris  preen  was  not  generally  available  until  1!)44,  kilt,  in  spite 
of  considerable  prmiiHitioii  and  instruction  in  its  use,  tlie  unit  antininlaria 
details  did  not  employ  it  to  any  great  extent  and  showed  a  strong  preference 
for  oil.  Probable  reasons  are  that  oil  was  much  more  available  due  to  its 
general  distribution  for  purposes  other  than  larviciding,  it  required  no  mixing 
or  trips  to  a  mixing  plant,  it  was  not  a  poison,  and  the  oil  sprayers  were 
mechanically  superior  to  the  rotary  hand  dusters  usually  supplied.  In  certain 
base  sections,  some  pans  green  hand  dusting  was  done  by  or  immediately  under 
the  supervision  of  the  special  malaria  control  organisation.  An  immense 
amount  of  |>aris  green  was  spread  by  airplane  in  Italy,  Sardinia,  and  Corsica 
during  1M4  and  in  Italy  in  IMS.  During  the  spring  of  1944*  DDT  made  its 
appearance  in  the  theater.  As  a  larvicide,  it  was  used  almost  entirely  in  sn 
experimental  way  both  from  the  ground  and  by  airplane.  In  1945, 5  percent 
DDT  in  oil  was  used  extensively  ss  a  larvicide  applied  both  from  the  air  and 
from  the  ground. 

For  the  most  part,  various  types  of  hand  pleasure  sprayers  were  used  to 
apply  petroleum  products.  Continuous  drip  oilers  were  set  up  over  streams 
in  many  parts  of  the  theater.  In  one  base  section,  a  power  oil  sprayer  waa 
developed  by  utilising  a  M3A1  Chemical  Warfare  decontaminating  unit 
mounted  on  a  2^-ton  «  x  « truck  chamia  (fig.  34).  This  was  actually  a  hoaaog- 
en bring  pump  developing  up  to  500  pounds  pressure  and  waa  need  to  deliver  a 
finely  dispersed  mixture  of  one  part  of  oil  in  three  parts  water.  Lem  oil  was 
neramsiy  for  s  given  area  when  applied  by  this  apparatus,  the  area  was  oiled 
in  a  shorter  time  than  by  hand-operated  equipment,  and  the  oil  was  furred 
below  the  water  surface  where  it  continued  to  come  up  under  and  around 
vegetation  for  periods  of  2  or  3  weeks,  so  that  its  effect  lasted  longer  than 
surface  spraying. 

Airplane  ki  whiffing  —Probably  the  first  utilisation  of  airplanes  in  die- 
parsing  1  suicides  in  NATOUSA  was  made  in  Morocco  during  Die  summer  of 
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ft«i«  !R — A  XI  airplane  ilartln  part*  Krm  orrr  III « Mini  area*  a*  m  Sweet  ■>(  \a|4e*. 


IttUl.”  Planes  and  idiots  for  this  purjMMte  had  hern  requested  front  the  Staten 
early  in  the  year.  It  vm  late  Se|>teniber,  I  however,  lwfure  tlte  hi*  pilots — three 
of  tlieni  experienced  in  crop  diM  ing — re|a»r1etl  for  duty,  ami  even  later  lie  fore 
tlte  three  PT-17  (Stearman)  trainers,  modified  for  dusting,  were  assembled 
and  ready  to  fly.  lly  tliat  time,  the  iiK*M|iiitol>reedii!g  season  was  nearly  over 
so  the  planes  were  flown  only  for  a  small  amount  of  experimental  dusting. 
Some  replacement  parts  for  tlte  dusting  attachments  had  been  sent  over  with 
them,  but  no  repair  or  maintenance  items  for  the  aircraft  arrived  nor  were 
there  any  in  the  theater.  With  the  prospect  of  providing  malaria  protec¬ 
tion  in  1(44  through  tlie  flooded  Pontine  and  other  bonifications  and  in  malari- 
oua  Sardinia  and  Corsica,  it  was  necessary  to  enlarge  the  scope  of  the  aerial- 
< lusting  facilities  considerably  beyond  those  afforded  by  three  small  trainer 
plansa,  any  am  of  which  anight  be  grounded  indefinitely  by  a  cracked  qtaik 
ping  or  a  flat  tire.  It  wsa  obviously  desirable  to  provide  more  end  larger 
planes  which  sou  Id  be  serviced  within  the  theater.  The  A-90  (Boston)  light 
bomber  wee  finally  selected  because  of  its  flying  characteristics  and  availability 
(figs.  $&  and  36),  and  a  B-17  was  dispatched  to  the  States  to  obtain  a  loud 
of  PT-17  motors,  tins,  wheels,  instruments,  nnd  other  replacement  parts. 

■Ik  taw  sMn  mmmmSt  M  MWs  w  at  parti  pm  ai  a  lanrieUr  hr  Anar  peraeaael 
taaaa  k>  w*i  aMOtaart  Malta  teiMty  ta  mtm  aad  laaoatle  aslswto  TW  total  atarea  at  parts 
pna  vttt,  Mawlm,  aa4a  araltohte  <a  tto  Manual  paHtl  health  eervle*.  lepra  aatottiw  at  which 
K—rtrt  ia  unit  the  parta  pm  waStaS  abtin  with  aa  aM  Preaeh  tortw  which  hat  toea 
icadaaatt  Ur  a  heface  aa  aaalrwafthy.  The  tiwe  raw  wfeel  thia  aarteat  aircraft  raaM  aa  haapr 
ae«  at  the  tnaal.  whervapea  the  toea]  Xary  air  aarpcea  taak  area  the  wlaalia  arias  a  aatMul  U-t 
Cat  Be  awmM  Is  aettlaa  la  hto  flytBf  tlaw  while  ha  darted  HNetJrrty  porttoar  at  tare  large  map 
area  a  Bear  Araay  raaapattea. 
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rwi'M  |Iih  IjrtM  hi  forwetlaa.  A.  Hum  trim  *wf  InwnleWd 

V«Mw»n  hallnillN  uw.  Tb*  nit  at  tkt  gffrr  right  la  aa  ohmatlm  plan  ttwMw 
a  ad  dtrertla*  the  nfmtba.  It  liana  lytac  aear  the  Plata  a*  Caaatno.  Da  farthest 
plane  la  ant  yet  ttarkaith*  let.  The  battered  Monastery  la  alif  the  awemtaia  peak 
te  the  left :  at  rl*ht,  Hartman's  Hill  and  naatemas  water-boMlaa  shell  holes,  homb  crateta, 
awl  rarlow  other  aaophellae  breedlac  places  la  fotetrottad.  Moat  of  these  were  tancceo- 
stMe  heeaaee  of  landmines.  The  area  reqalrrd  lira  latent  hevanar  the  naul  traveralac 
It  to  the  aorth  was  a  vital  saiiply  line. 
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Theaterwide  airplane  dusting  and  spraying  service  wus  developed  in 
1944  and  continued  the  following  year.  At  the  request  of  the  Theater  Surgeon, 
AFIIQ  directed  theMediternineun  Allied  Air  Force  to  provide  adeipiate  planes 
and  pilots  for  malaria  control  purposes.-7  This  responsibility  was  delegated 
by  the  Mediterranean  Allied  Air  Force  through  the  Army  Air  Force  Service 
Command  to  the  Mediterranean  Air  Tmnsjiort  Command.  This  organization 
placed  a  detachment  of  one  of  its  ferrying  squadrons  virtually  at  the  disposal 
of  the  theater  imilnriologist.  The  crop  dusting  pilots,  assisted  by  s]>ecinl 
malaria  control  organization  personnel,  supervised  the  structural  modification 
of  the  A-20's  to  convert  them  to  tinsting  and  oiling  planes. 

Working  arrangements  were  as  follows:  Requests  for  airplane  dusting  or 
spraying  service  were  transmitted  to  the  tlieater  malnriologist.  As  soon  as 
practicable,  he  or  one  of  his  representatives  visited  the  area  and,  accompanied 
by  the  local  malariologist,  made  an  aerial  and  ground  inspection  of  the  terrain 
to  be  treated.  The  amount  of  materials  required  for  each  week  was  tlien  com¬ 
puted,  and  decisions  were  made  regarding  responsibility  for  transporting, 
mixing,  and  planeloading  of  larvicidal  materials.  Tlie  local  malariologist 
provided  a  map  for  tlm  pilot  showing  the  exact  area  to  be  covered.  Tlie  job 
was  tlien  sclieduled  for  a  particular  day  each  week  and  copies  of  tliese  arrange¬ 
ments  circulated  to  all  agencies  concerned.  Tliereafter,  the  work  proceeded 
as  arranged  until  cancellation.  Planeloading  was  generally  handled  by  some 
element  of  t lie  special  malaria  cont  rol  organizat  ion. 

In  1S44,  nearly  900,000  pounds  of  25  percent  pnris  green  ill  lime  and  7,000 
gallons  of  oil  (mostly  No.  2  diesel  with  varying  contents  of  DDT)  were  ap¬ 
plied  by  airplane  for  American  and  British  malaria  control.  During  1945, 
about  250,000  pounds  of  paris  green  mixed  with  diatomaceom  earth  ( 1 : 3  for 
American  use)  or  cement  ( 1 :  S  for  British  use)  and  roughly  72^)00  gallons  of 
ft  percent  DDT  in  oil  were  dispersed  by  plane  in  the  theater. 

These  quantities  of  paris  green  and  DDT  mixtures  required  large-scale 
mixing  facilities.  In  1944,  they  were  contrived  by  base  section  engineers  from 
an  old  Italian  ammunition  plant  located  in  a  cave  near  the  Fair  Grounds  out- 
aids  Naples  (fig.  37).  This  factoiy  was  provided  with  motor-driven,  steel 
tumblers  loaded  from  a  platform  overhead.  These  containers  discharged  mixed 
dust  into  steel  barrels  on  rollers  below.  Ample  facilities  wen  available  for  the 
dry  storage  of  paris  green  and  lime  as  well  as  mixed  dust.  Both  25  percent 
and  10  percent  mixtures  were  prepared  at  this  plant,  the  former  for  airplane 
and  the  latter  for  hand -duster  applications.  Plant  capacity  was  8  tons  of  mixed 
dart  per  9-hour  day. 

In  1945,  American  larricidea  were  prepared  by  one  of  the  malaria  control 
units  working  in  the  Sohray  plant  at  Roaignano  (fig.  38).  The  25  percent  paris 
green  mixture  in  diatomaceous  earth  was  blended  in  revolving  steel  drums 
formerly  used  for  manufacturing  chloride  of  lime.  The  plant  capacity  was 


*  Lrltrr.  rW  Cwuflu  OtarnU.  AFHQ.  to  tlx  CnMnSa  Snml,  IMttrrraaraa  Ante* 
Air  rarer.  31  liar.  IM1  hAJhI  :  Malaria  Cnairul  HaMlat  Alr|'l* a. a  («  1*14. 
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Piurnc  37. — I’aria  |iwi  ulilif  plant  near  Naples. 


5  to  15  tom  |<rr  <la>  .  DDT  solutions  (5  percent  in  diesel  oil  or  kerosene)  were 
pre|Nired  in  one  of  several  Urge  atillt*  previ«s>sly  uml  for  making  trichlor- 
ethylene.  Kuril  of  time  Imd  a  capacity  of  1^00  gallons  and  was  equipped 
with  a  set  of  agitator  paddles  which  rotated  at  the  rate  of  60  r.p.m.  Oil  or 
kerosene  was  puiii]>ed  in  through  pipes  connected  to  large  storage  tanks  out¬ 
side  the  building.  DDT  concentrate,  dissolving  in  the  proper  amount,  was 
added  through  a  hatchway  in  the  top  of  (lie  still.  After  thorough  mixing,  the 
solution  eras  drawn  off  through  a  tap  at  the  bottom  directly  into  55-galkm 
drama.  These  stills  had  a  rapacity  of  about  2,400  gallons  per  day.  Because 
of  t  lie  case  of  production,  the  malaria  control  unit  also  prepared  large  quantities 
of  ft  percent  DDT  in  kerosene  for  use  as  a  residual  insect-killing  spray  to  he 
applied  within  Itouaee  by  various  units. 

The  MTOTMA  airplane  malaria  control  project  abundantly  demonstrated 
the  feasibility  of  using  Urge  fast  planes  for  applying  lanricides.  When  the 
program  was  liegun,  this  principle  had  not  been  employed  to  any  extent,  and 
ita  practicability  was  flatly  denied  by  numerous  “swivel-chair*  pilots.  The 
A-20  <  Boston)  light  hnmher  ”  proved  to  be  an  admirable  vehicle  for  dust  and 
oil  applications  to  large,  unobstructed  water  areas.  These  pUnes  were  used 


**Tkto  bnmbrr  la  powerful  ind  atirprMwrlT  aiaararerahla  )■  IN*  hawN  of  a  rtllN  fdtot  aN  liaa» 
rMMlItr  nlr«R(api  ater  the  R-!V  lia  ra^ftat  uf  rna»4-tr1*»  tpnlki  wIDwat  refartlaa  la  alaat  8# 
■alia*.  It  raa  carry  .VM  poaoda  at  liint,  4Manri»if  It  la  2W  aimten.  or  <NW  fillmw  of  oil  wklrli  raa 
to  dlsrhs  rged  la  freo  3  to  13  mlaatva  of  fly  tag  tine,  ornsreMa*  to  tW  dittlNricr  of  the  dtscharie  rant. 
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Pmiw  3*. — niilw  SVftllm  jnwi  wilh  frwMy  Mixed  5  i«ral 
DDT  la  krrw»M  (nr  dlenei  nil)  |m|amt  la  Ike  Holey  |*»ut, 

Bnalgaaan,  Italy. 

to  (lust  large  marshy  and  ponded  areas  in  Corsica,  vast  inundated  acreages  in 
coastal  Italy,  the  extemirr  canal  systems  in  western  Italy,  and  along-  the  troop- 
jammed  highways  oft  lie  Po  Hirer  deha  area  (Hg.3D). 

The  enthneiswn  of  theater  malaria  control  personnel  for  the  A-iD  did  not 
preclude  the  utilisation  of  small  planes  for  the  precision  treatment  of  mull 
anas  or  winding  streams,  the  course  of  which  could  not  he  followed  by  the  larger 
aircraft.  L-5  (Grasshopper)  liaiaon  planes,  ITC-61  (Fairchild)  observation 
planes,  and  PT-17  (Stearman)  trainers  were  all  tried  (fig.  •*«).*• 

■Off  thm,  >»■>■■■  traiwr  plaae  waa  fegr  il  tb**  Wmt.  It  I*  |w«ff(til,  t«M»gb.  hwtw 
aU».  mm4  hta  kM  wwMwt  MM  rla^lhty.  «•  the  uttyK  in  «pe«  It  kax  a  wart  nHlMs  vlttmt 
wfoMafr  «f  fraa  1W  ta  10**  bIW*.  It  fanrlw  9Ml  pea  *4*  off  ffant  whW»  It  iHarhartrii  la  7  »laat— . 
•r  SK  talMw  »f  Ml  «Mfh  ant  MmsH  la  ahtat  U  ataatn  at  a  *****  M  ta  wile*  prr  bemr.  TV  L-4 
war  aba  wH»fartiH7  far  mimmr  ptaar  dmnflar  »f  apra/ta*  opnttlem,  bat  It  larkrtl  tto  rwref  aat 
aaaritveraimt.T  tiff  the  PT-17.  TW  I'C-ffl  war  r  ramble  red  aa*Mlmblt»  far  tlrw  parpaara — tbaodl 
It  war  a«H  awrr  ar  Mi  fibabtriy  by  (be  Briltafe  -aa  It  la  aatbnewrntl  aad  bar  HaltH  MM 
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Fmi'U  .TCI.  A-20  airpiaae  dlarhanrlna  I»IIT  la  i>tl  irvrT  a  maall  canal  war  Flaa. 


r»rn  4ft. — PT-I7  (Wmimi)  afirajlac  a  canal  la  Italy  with  DOT  la  oil. 
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Experience  in  1!>44  demonstrated  i lie  desirability  of  covering  large  ntvas 
with  several  A-20*s  flying  in  echelon  fonuntion  (lig.  JUi)  so  Hint  nn  entire  invn 
could  be  covered  with  n  single  loading  of  lnrvicide.  This  avoided  the  neces¬ 
sity  of  having  to  leave  for  more  dust  nr  oil  and  returning  to  tind  different  wind 
and  air  current  conditions,  as  well  sis  having  to  resume  ojienitioiis  at  an  uncer¬ 
tain  point  somewhere  near  the  place  where  the  previous  load  run  nut.  Forma¬ 
tion  Hying  was  found  to  la*  liest  directed  from  a  liaison  plane  overhead,  utiliz¬ 
ing  radio  iiiteivoniiiiniiieiition  with  the  pilots  in  the  work  plains,  I$y  this 
means,  the  effects  of  crosswiuds  could  be  noted,  pilots  ordered  to  the  right  or 
left.  Imre  s|K)ts  covered,  and  so  on.  The  A-sJO  treatment  of  large  eanats  was 
also  |H‘rformed  moiv  effectively  under  the  direction  of  an  aerial  observer,  us 
the  A -tin  pilot  cnmiot  see  behind  him  to  pige  the  effects  of  wind  drift  on  the 
spray  or  dust  cloud. 

Airplane  dusting  was  carried  out  at  weekly  intervals  in  accordioice  with 
the  general  principle  of  applying  Inrvicides  of  fetn|>oniry  effectiveness  at  least 
once  during  each  consecutive  |>eri<sl  of  larval  development.  Aerial  oiling 
schedules  were  placed  on  a  weekly  basis  also,  lmt  this  was  because  of  iiilininis- 
trntive  convenience.  Xo  data  are  available  to  show  how  long  tlie  DDT  appli¬ 
cations  were  effective  in  Italy.  It  is  |Missible  but  unlikely,  judging  from  ex- 
|ierieiices  re|Mirted  from  otlier  ureas,*'  that  some  residun)  effeet  wns  established 
after  several  weekly  treatments  on  the  same  area. 

Adult  mosquito  kllliug.— This  activity  was  conducted  systemat  ically  in 
Mamnn  during  1H1,  wliere  it  constituted  a  major  and  very  effective  means  of 
mosquito  reduction,  especially  when  larvicidal  measures  were  conducted  simul¬ 
taneously  in  the  area. 

This  program  was  unique  in  that  women  were  employed  to  conduct  the 
spraying  operations  because  of  the  ruling  by  the  local  pasha  and  the  French 
civilian  comptroller  that  men  would  not  be  permitted  to  enter  Arab  dwellings. 
Despite  fear  to  the  contrary,  European  women  were  easily  obtained  and  proved 
to  be  more  conscientious,  careful,  and  steady  sprayers  than  men.  The  total 
number  of  native  dwellings  involved  in  the  inspection  and  spraying  program  in 
tlse  wliole  sector  is  not  known,  but  it  must  have  been  very  large.  The  frrquency 
with  which  the  buildings  were  sprayed  varied  greatly,  depending  upon  the 
findings  of  the  inspectors.  An  indication  of  the  cost  and  efficiency  of  this  pro¬ 
gram  is  gained  from  data  submitted  from  the  Rabat  area  where,  from  7  June 
to  31  July,  five  women  sprayed  7,090  huts  at  a  total  labor  cost  of  $564,  or 
$0.06  per  dwelling.  Mosquito  counts  in  them  houses  before  the  spraying  pro¬ 
gram  averaged  500  to  800  mosquitoes  per  hut;  at  the  end,  ft  to  10  mosquitoes 
per  hut. 

Less  extensive  uses  of  spray  killing  both  with  liquid  insecticide  and  Aerosol 
dispensers  were  made  in  other  portions  of  tlie  theater.  While  they  could  not 
be  used  in  tike  most  forward  section  of  combat  areas,  tliey  probably  achieved 


•  W»r  DepartMt  Tm+akal  KalieOa  (TS  UKIJ)  Jaa.  ivtraaiy  1M*. 
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I  heir  mtixiismiii  iililiziition  in  Anny  amis  whore  both  1  lie  aiiliiiiiiltirin  units 
and  t lie  unit  tml  inmUrin  details  sprayed  houses  and  aiiinml  shelters  in  newly 
occupied  seetioiis. 

Ill  the  siiiiiinei*  <if  1!>44,  the  use  of  DDT  as  a  residual  house  spray  in  Italy. 
Sardinia,  mid  Corsica  was  begun.  This  measure  nunc  to  lie  of  iitcrensiitg 
importance  in  malaria  control  leclniiipie,  esjiecially  in  areas  where  the  |>ossil>il- 
ities  of  other  environmental  mm  ml  practice  were  either  not  practicable  or  did 
not  yield  immediate  health  lieneiits.  DDT  residual  spray  was  used  for  the 
contml  of  all  |>esi  and  disease-carrying;  insects.  The  DDT  was  mixed  with 
kerosene  to  make  a  5-|ieirent  solution  mid  wus  piiekngeil  either  in  .Vgiillnn  or 
5.ri-gnlloii  coiitniners  at  central  |siints.  The  Fifth  l\S.  Army  drew  the  mixnl 
product  from  its  siip|M>rtiug  Imse  section  and  distributed  it  with  primed  in¬ 
structions  as  to  its  use  to  various  units,  a  moiety  of  which  made  their  own 
application.  In  virtually  all  other  installni  ions,  the  DDT  solution  was  issued  to 
units  lint  was  applied  for  them  l>y  s|iecinlly  trained  individuals  or  by  teams 
using  power  sprayers.  The  latter  nri-tiiigenieiit  was  decidedly  more  efficient 
than  the  former,  which  wus  necessitated  by  the  relatively  vast  dis|iersiou  of 
Anny  units.  The  1  mi  sis  of  distribution  in  Air  Corps  units  was  :M>  pal  Ions  |*>r 
l,(XK>  men  |>er  month:  in  all  other  orgiiiiisuuimis,  5  pillions  |ier  coiu|niiiv  ns 
needed,  issue  dates  lieinp  determined  by  actual  oliservntious  of  insect  prevn- 
lence.  By  XATOI’SA  directive,  liquid  insectickle  and  .’>  percent  DDT  and 
kerosene  were  made  avaibible  late  in  Aupust  “without  restriction  and  in  suffi¬ 
cient  quantity  to  control  disease-liearinp  insects  throughout  the  tlieiiter." 

Its  s|iectaciilar  sms-ess  in  1944  as  all  adult  mosquito  killer  led  to  its  ulili/ji- 
tion  on  an  even  pramler  scale  in  1045  in  Italy,  where  it  was  credited  by  tlie  t  lie- 
ater  malariolopist  as  lieinp  tlie  most  inqiortaiit  item  in  malaria  control  opern- 
tiiais  during  the  Neasou.  More  than  three  and  one-half  times  ns  mticli  DDT  was 
applied  to  walls  by  malaria  control  units  in  1945  than  Imd  been  use<l  similarly 
during  the  previous  year.  Spraying  was  commenceil  in  March  to  kill  I  lie 
overwintering  anojdieline  females.  After  tlie  initial  application,  unit  buildings 
were  resprayed  every  month  and  the  surrounding  civilian  houses  about  every 
3  month*.  Later  iu  tlie  seatwai,  it  was  felt  that  it  would  lie  more  profit  aide  to 
increase  the  protected  zone  by  another  half-mile  toa  mile  rather  than  to  respray 
previously  treated  liouses;  in  this  way  very  large  areas  of  countryside  were 
blanketed  with  DDT.  It  was  also  discovered  that,  in  order  to  get  adequate 
control,  it  was  necessary  to  treat  every  shelter  in  the  control  zone,  otherwise 
small  foci  of  adults  continued  to  exist  in  the  untreated  structures.**  Although 
DDT  house  spray  was  distributed  on  tlie  basis  of  30  gallons  tier  1,000  mm  per 
month  in  1945,  it  was  always  available  and  units  needing  additional  amounts 
could  always  draw  them. 

"  See  fMtwte  IT.  p.  2TO. 

■Ia  a  few  IntiHH,  however.  It  wa«  aereaiary  In  rmrtrfct  lbe  aawwat  it  *pr*;lag.  Than,  la 
rertola  arvtlaaa  »l  Ik*  I-*  Elver  Valiev  where  aevtraltara  la  praetlerS,  DDT  war  ae*UeW  &al)r  to 
ctrlllaa  plwattaa.  atohlia.  a  Ml  el  her  eathnwaea  aa  the  Ulkwaraaa  wMeh  were  ralaeS  la  the  hiaei  woaM 
have  alharw  lee  her  SralrwyeS. 
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DDT  replaced  Freon  pyrethnnn  to  u  considerable  extent  ns  mi  insecti¬ 
cide  in  1945.  During  the  previous  year,  the  s|iecinl  liiuhirhi  control  organi¬ 
zation  used  11,217  lxtiiilis,  whereas  in  1!>45  only  1,71(>  were  re|M>rted  to  have 
been  used  and  these  by  Army  units  during  the  Po  Kiver  Valley  offensive 
when  it  was  necessary  to  treat  houses  quickly :  later,  the  units  went  buck  and 
resprayed  the  houses  with  DDT. 

Physical  operations. — These  were  extensively  conducted  throughout  the 
theater  in  194‘5  to  eliminate  mosquito  breeding  and  to  |>erniit  more  effective 
application  of  oil  lurvicides.  Vegetation  and  obstructions  were  removed  und 
residual  jiools  often  eliminated  in  order  to  enhance  the  speed  of  waterflow. 
In  some  instances,  tenqxirary  dams  were  constructed  to  )>ennit  periodic  flush¬ 
ing  of  streams.  In  1944,  the  total  amount  of  stream  training,  drainage,  and 
land  fill  was  greatly  increased  in  Italy,  Sardinia,  and  Corsica.  In  Corsica, 
a  tremendous  mileage  of  ditch  and  stream  clearing,  new  ditching,  nnd  stream 
channelization  was  accomplished,  targe  areas  were  dewatered  which,  accord¬ 
ing  to  local  inhabitants,  had  not  been  dry  before  in  the  memory  of  nuiii.  The 
mosquito  population  was  so  reduced  that  Corsican  families  moved  from  their 
summer  homes  in  the  hills  down  to  tile  coastal  plains  before  the  advent  of 
cold  weather. 

The  enormous  amount  of  physical  operations  was  accomplished  mainly 
by  Italian  and  Yugoslav  military  labor.  Companies  of  Italian  infantry  or 
quartermaster  service  troops  were  attached  to  malaria  control  units  for  opera¬ 
tional  control.  These  Italian  organizations  drew  tlieir  own  rations,  messed, 
and  sheltered  tliemselves.  The  companies  varied  in  size,  averaging  from  125 
to  150  ofletn  and  men,  but  about  a  third  were  concerned  in  company  admin¬ 
istration  and  were  not,  therefore,  available  for  work.  In  Corsica,  Yugoslav 
labor  companies  were  used  similarly.  The  men  in  these  units  had  been  taken 
from  their  homes  and  country  by  the  Germans  as  forced  labor  to  work  in 
Sardinia.  When  transported  to  Corsica,  these  labor  companies  were  com¬ 
manded  by  Italian  offkerp  and  noncommiseioned  officers — whom  they  heartily 
detested — were  malnourished,  dispirited,  and  plagued  by  recurrent  malaria. 
When  the  Italian  offkers  were  replaced  with  Americans  and  the  Slave  were 
well  fed  and  given  proper  medical  service,  their  morale  rose  rapidly  and  they 
became,  by  all  accounts,  the  moat  effective  and  dependable  source  of  labor 
available  in  the  theater.  Italian  civilian  labor  was  employed  on  contract 
projects  by  the  Allied  Control  Commission  in  Salerno  and  eastern  Italy.  Their 
work  was  also  satisfactory  as  long  as  it  was  subject  to  U.S.  nicer  inspection. 

The  responsibility  of  the  Corps  of  Engineers  for  environmental  control 
was  accented  whenever  its  units  were  tvtilsble  from  other  duties. 

Three  Corps  of  Engineers  projects  were  of  considerable  magnitude  and 
were  coordinated  with  the  program  of  the  special  malaria  control  organiza¬ 
tion  to  such  an  extent  that  they  merit  particular  mention. 

During  the  spring  months  of  1944,  while  the  Fifth  U.S.  Army  head¬ 
quarters  were  located  at  Sparanise  (a  small  village  located  near  Naples). 
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one  bnttnlion  from  each  of  five  general  *mre  engineer  l-egiu units,  together 
with  the  entire  regimental  heavy  equipment,  was  hum  Ip  available  for  malaria 
control.  One  of  the  regimental  ollii-ers,  an  e\|ierien< ihI  iiialarin  ••out ml  engi¬ 
neer,  was  detailed  as  liaison  office;*  with  the  medical  section  of  the  Army  head¬ 
quarters.  Together  with  tlie  ('oiunmiiding  Officer.  2Hth  Malaria  Control  De¬ 
tachment,  he  surveyed  the  entire  Army  rear  urea  north  of  the  Volfttrno  Diver, 
noting  those  situations  where  major  earthnioving  machinery  ami  putnpngi! 
could  lie  used  to  advantage.  These  jobs  were  then  allotted  in  the  various 
regiments  by  the  Army  engineer,  and  the  indicated  repairs  were  undertaken. 
Tit  is  continued  until  engineers  were  needed  for  the  push  to  Home.  No  record 
of  accomplishment  is  available,  but  the  work  included  such  o[>enitious  as  tilling 
tank  trups,  shellholes,  bomb  craters:  lowering  culverts;  removing  nl>st motive 
bridge-demolition  residues  uiid  bypasses:  bridge  improvement  and  construc¬ 
tion  ;  major  canal  repairs;  and  installation  of  heavy  duty  pumps  which  involved 
running  electric  pmverlines  fur  ninny  miles.  Much  of  this  had  to  lie  done 
in  heavily  mined  and  boohytrap|ied  areas.  The  engineers  succeeded  in  re¬ 
ducing  the  water  in  the  nocthern  Volt  mini  area  to  its  non  mil  level  in  time 
to  |>eniiit  civilians  to  plant  the  dewatered  acres  in  the  spring  of  1944.  It  is 
no  exaggeration  to  state  that  the  1\S.  Army  engineers,  with  the  tremendous 
nmnjKiwer  and  equipment  facilities  at  their  disposal,  accomplished  more  in 
a  few  weeks  than  the  inqioverished  Italian  citizenry  could  have  hoped  to 
do  in  as  many  years. 

At  tlie  Auzio-Nettuno  beachhead,  the  VI  Corps  engineer  undertook  re¬ 
sponsibility  not  only  for  drainage  improvement  but  for  larviciding  and  spray 
killing  in  a  considerable  portion  of  that  besieged  area  with  the  technical  as¬ 
sistance  of  special  uinlaria  control  organization  representatives.  This  continued 
until  the  beachhead  forces  were  joined  with  otlier  elements  of  the  Fifth  UJS. 
Army  on  the  advance  to  the  north. 

In  the  $alemo-Paeetum  area,  where  tlie  invasion  training  center  was  ait' 
oated  during  thu  t  u miner  of  1944,  an  engineer  combat  regiment  cooperated 
with  the  sp*  ;al  malaria  control  organization  of  the  Army  and  the  Navy  in  a 
joint  program  of  malaria  prevention.  Men  from  this  regiment,  using  ex¬ 
plosives,  carried  out  rapid  but  effective  ditching  for  a  distance  of  several  miles 
thus  dewatering  a  large  and  potentially  dangerous  area.  This  could  not  have 
been  accomplished  otherwise  with  the  facilities  at  hand  in  time  to  have  favored 
the  health  of  the  troops  training  nearby. 

Iaeeet-praefiag. — Since  screening  is  virtually  nonexistent  in  North  Africa, 
ah  the  buildings  requisitioned  by  the  Army  in  1943  were  without  this  protec¬ 
tion.  The  scarcity  of  Army  screening  materials  that  year  restricted  their  use 
to  latrines,  kitchens,  mete! tails,  and  breadboses.  Thus  insect-proofing  was 
employed  primarily  as  an  antifly  rattier  thnn  as  an  antimosqnito  measure. 
Some  screening  of  hospitals  was  permitted,  complete  in  certain  instances, 
limited  in  others  to  spaces  mentioned  altove  and  to  one  or  two  wards  for 
patients  with  insect -borne  diseases.  Salvaged  mosquito  bars  were  used  ex- 
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tensively  for  screening  purposes.  It:  1014  unil  1045.  the  siniutioii  was  greatly 
improved.  Screening  uniterials  were  provided  ami  used  on  an  ndtipnilc  scale 
throughout  the  tiieuter. 

Personal  protective  measures,  except  medication.  Ikd  mis  ww 

utilized  more  faithfully  than  any  other  iiulividinil  protective  measuiv.  Hy 
theater  directi ve,  t hey  were  available  from  15  April  to  30  X'ivoiiiIh'Iy"  Some 
units  requested  them  for  use  (ngainst  )iest  mosquitoes)  during  tic  winter 
months.  They  were  not  used  hy  forward  elements  in  cnnilmt  as  it  was  im¬ 
practicable  for  these  troops  to  carry  or  set  up  I  km  I  nets  until  they  were  Itnck  in 
rest  areas.  Where  there  was  little  or  no  siqtervision  hy  officers.  such  us  with 
truckdrivers  or  rui'roud  operators  on  the  road,  it  wits  not  iincoiiiiiioii  to  find 
that  bed  nets  and  other  essentials  for  personal  pro’ectiou  against  malaria  were 
not  ill  the  possession  of  tlie  inili\ ulna  Is  inspected.34 

The  wearing  of  protective  clothing  wits  limited  nsnnlly  to  long  trousers 
and  sleeves  rolled  down  after  dark.  Xhorts  nnd  shirts  without  sleeves  were 
piohibited  except  during  (lie  hours  of  daylight.  Some  outfits  wore  leggings 
nil  the  time.  Head  nets  nnd  mosquito  gloves  were  rarely  need  unil  went  not 
even  nominally  requited  by  the  theater  ill  11)44  as  items  of  personal  protection. 

Repellents  were  amply  available  blit  their  imixiniuin  untimiilaria  values 
were  never  realized.  Vnless  mosquitoes  were  numerous  enough  to  constitute 
an  annoyance,  it  was  unusual  for  officers  or  enlisted  men  to  use  repellent  as 
instructed.  All  kinds  made  tlteir  appearance  at  one  time  or  another  in  the 
theater.  Dimethyl  phthalate  or  0-2-2  appeared  to  be  least  objectionable  to 
the  soldiers  and  was  effective  against  .4.  labmnch'xte  labranchiae. 

Much  time  and  effort  went  into  the  indoctrination  of  officers  and  soldiers 
in  NATOUSA  regarding  the  use  of  personal  protective  measures  against 
malaria,  but  in  spite  of  all  these  endeavors  it  was  known  from  night  inspections 
that  personal  protection  was  more  or  less  neglected  except  in  those  units  where 
command  interest  enforced  malaria  discipline.  This  indifference  was  strikingly 
apparent  as  soon  as  the  troops  passed  Borne  advancing  to  the  north.  It  waa 
due,  presumably,  to  the  rumor  that  malaria  did  not  exist  north  of  the  Eternal 
City. 

An  excellent  feature  of  the  Fifth  UJS.  Army  malaria  control  program  waa 
the  use  of  antimalaria  officers  and  malaria  control  committees. 

The  antimalaria  officers  were  appointed  from  nonmedkal  personnel  ia 
each  corps,  division,  regiment,  battalion,  and  separate  compeny.  It  was  the 
duty  of  the  antimalaria  officer  to  inform  hintself  shout  the  status  of  malaria 
and  its  control  in  his  organization,  to  attend  and  part  icipate  in  the  deliberations 
of  the  mslaris  control  committee  to  which  he  belonged,  to  acquaint  his  com¬ 
manding  officer  with  the  malaria  problem  of  the  Unit,  and  to  see  that  all 
necessary  malaria  control  measures  were  being  enforce' . 

*  See  footftete  IS,  p.  2S4. 

u  See  feet  note  X  P-  Stt. 
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Malaria  control  committees  wen*  formed  in  eurli  coq>s.  division.  regiment, 
and  battalion.  Tin*  nientliersliip  of  each  coi-jw  and  division  committee  con¬ 
sisted  of  the  medical  ins|iector,  the  engineer,  and  the  aiitinmlaria  officer  of 
their  respective  eclielons.  llegimeiitiil  nud  Intttiilion  committees  were  com¬ 
puted  of  their  surgeons  and  autimalariit  officers.  The  function  of  Pitch  com¬ 
mittee  was  to  bring  together  information  concerning  die  phases  of  malaria 
control  represented  by  the  resjiective  committee  memlters.  Thus,  at  periodic 
meetings,  the  medical  inspector  contrilnned  infonnut ion  ulanit  current  malaria 
prevalence  and  t lie  activities  of  the  Medical  Department  antinmlaria  personnel. 
Tlte  engineer  was  concerned  primarily  with  environmental  control  and  the 
mapping  of  malaria  and  malaria  control  data.  The  antinialaria  officer  dis- 
cussed  malaria  control  in  general  hut  was  especially  charged  with  noting  how 
well  the  individual  preventive  measures  were  lieing  enforced.  Tlieir  findings 
were  reported  to  tlie  commanding  general  or  iffier.  To  an  Army  iqierating 
in  a  malarious  area,  this  type  of  conference  was  mutt  helpful  as  it  brought 
together  in  all  eclielons  the  three  brandies  of  service — command,  engineering, 
and  medicine— must  intimately  concerned  in  die  prevention  of  malaria.  It  is 
believed  that  this  device  did  much  to  sustain  malaria  consciousness  and  in¬ 
tegrated  control  effort  while  tlte  Army  was  exposed  to  dir  military  hazard  of 
malaria.  Tlte  various  Army  Air  Force  conunamls  employed  malaria -discipline 
officers  in  virtually  the  same  capacity  as  tlte  antinialaria  officers  mentioned 
previously. 

flapprsaeivs  medication. — As  indicated  previously,  the  Malaria  Advisory 
Board,  AFHQ,  was  influential  in  formulating  suppressive  medication  policy 
for  the  theater.”  The  British  were  insistent  upon  universal,  theaterwide  ad¬ 
ministration  of  Atabrine  (except  to  flying  personnel  who.  they  felt,  should 
receive  quinine)  at  a  scheduled  dosage  of  02  gm.  after  the  evening  meal  upon 
Monday  and  Thursday.  This  was  contested  in  principle  by  the  American 
mmnhicaliip  for  the  fallowing  reasons:  (1)  It  was  American  policy  to  depend 
primarily  on  environmental  sanitation  and  not  on  chemical  prophylaxis,  except 
in  active,  tactical  situations;  (2)  a  high  rate  of  toxic  reactions,  such  as  wars 
manifested  in  tbs  group  o*  Ohio  State  University,  Columbus,  Ohio,  students 
placed  upon  a  controlled  experiment  of  suppressive  therapy  under  the  ampins 
off  the  National  Beeearch  Council,  might  occur,  which,  if  trwe,  would  damage 
■irieuely  the  program  of  chcmintl  suppression ;  and  (1)  with  the  Utahn  upon 
each  therapy,  the  administrative  details  of  providiag  the  Atabrine  to  forward 
eamhat  unita  would  be  difficult  and  the  drug  would  arrive  in  an  irregular 
manner  and  the  program  would  seller  acmudlagly.  TV  British  minim  imd  the 
force  of  these  objectives,  and  the  French  agreed  heartily  with  the  Brkirii  point 
of  view.  A  compromise  wee  Anally  effected  whmeby  the  procedure*  outlined 
abov  e  were  to  he  followed,  with  the  proviso  that  if  environmental  malaria  con¬ 
trol  was  foe  ml  to  be  so  effective  in  atatic  areas  that  suppressive  medication  was 
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not  needed,  the  commander  in  chief  would  decide  whetlier  or  not  the  hitter 
measure  would  lie  continued  iu  main  areas. 

Suppressive  Atahrine  therapy  was  commenced  22  April  1943.“*  Pract  ically 
no  complaints  of  reactions  were  received  following  the  first  and  second  doers, 
but  following  the  third,  a  well-nigh  incredible  wave  of  inca|>acitating,  toxic 
episodes  was  reported.  These  involved  nausea,  vomiting,  cramps,  diarrhea, 
and,  in  some  instances,  febrile  temperatures  for  a  day  or  more  following  tlie 
third  dose  of  Atahrine.  All  grades  of  severity  were  noted  und  many  individuals 
experienced  no  symptoms  whatever.  A  rather  typical  example  of  the  incidence 
of  toxic  reactions  encountered  is  sliown  in  the  following  data  recorded  by  tlie 
59th  Evacuation  Hospital  (table  33). 


Table  33  -IwiHtnrr  «/  lane  nartiau  /ram  Atmbrint  at  Ikr  SUM  HwwIim  llampiml,  tfl  f.t 


Ttwle  Atffbrinr  rvactkwt* 

Type  id  irmmrl 

i  Aflt  lilt  M  'tof  (>  '  AM  th»*  4tl»  Aht 
j  Apm)  Km  Mg.)  <5  M»> )  •  m  Mff.l 

I  \m  aSl,  I  ftrnS  VlSif  IVrrraf 

51  :  57  51  24 

53  I  an  53  20 

375  50  373  TJ 

130  78  I3H  I  18 

151  33  140  I  || 

'  136  1  16  TO  |  4 

64  12  j  79  |  5 

Mm  Las  Ptnlm  H:  A  HMartnl  nmrrry  S  Us  Activate*  at  UM  tantea  at  Fmmttn  MSI Sr,  0 In  <4  U» 
mmmm.  MTOCSA.*J*a.  isalta u  Aaa.  n*.  loaMmat] 

The  experience  in  baaic  service  troop*  wax  quite  similar  to  that  recorded 
in  the  oAcera  and  enlieted  men  in  the  detachment  noted  previously,  with  the 
exception  that  Negro  troops  showed  a  very  low  incidsuse  of  toxic  reaction*. 

The  experience  in  forward  areas  was  my  different  from  that  in  burn 
sections.  In  II  Corps  troops,  tapprsmive  Atahrine  therapy  eras  bogus  4 
April  IMS  bscsnee  malaria  was  increasing  in  the  1st  Infantry  Divide*  which 
erne  than  engaged  in  combat  The  third  does  was  fallowed,  in  the  14th  Infan¬ 
try  Drvirinn,  by  leas  than  5-percent  moderate  or  severe  toxic  marl  ions,  all  of 
which  paaeed  off  rapidly.  In  the  Md  Field  Artillery  Battalion,  about  10 
percent  of  the  peranum!  ware  affected,  while  in  divisional  headquarters  aoma 
25  psresut  suffered  from  tonic  reactions.  The  raactiona  in  II  Corps  traops 
wars  dsffnitaly  leas  fragrant  than  than  in  ban  aaction  personnel.  A  similar 
story  rabragaantly  was  gained  front  the  Mr  and  54th  Infantry  Divkions  and 
tha  1st  Armored  Division.  The  British  reported  rimilar  toxic  dietnrbanora 
with  the  maw  curious  tendency  of  having  fewer  reactions  in  an  its  which  were 
in  forward  anas. 


Officer*  . 

Nunn _ 

EntMrd  mm .  _ 

Medical  pelirat* . .  . . 

Roraleal  patient* . . 

Venereal  dheaae  patient, - 

Frinoorr-ol-war  patient* _  . 
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After  this  experience,  the  Malaria  Advisory  hoard,  AFIIQ,  was  culled 
into  immediate  session.  It  decided  that  0.2  gm.  was  too  large  a  dose  of 
Atabriue  and  unanimously  recommended  that  0.1  gm.  be  taken  on  Monday, 
Tuesday,  Wednesday,  and  Thursday  of  each  week.  Remarkable  effects  im¬ 
mediately  were  ascribed  tothis  change  in  dosage,  and  many  rejtortsof  decreased 
toxicity  were  received.  However,  the  divisions  in  II  Corps  which  had  begun 
suppressive  therapy  early  in  April  did  not  receive  this  order  and  continued 
upon  the  dosage  of  0.2  gm.  twice  a  week,  on  Tuesdays  and  Thursdays.  This 
corps  reported  also  an  almost  total  lack  of  continued  reactions  bo  that  tlie 
conclusion  reached  was  that  tolerance  to  suppressive  Atabriue  therapy  was 
developed  if  the  drug  whs  continued,  regardless  of  the  type  of  dosage  used. 

The  spring  and  summer  experience  with  suppressive  Atabrine  had  pre¬ 
cisely  tlie  effect  on  tlie  program  of  suppressive  medication  which  the  medical 
consultant  had  feared  and  expressed  before  tlie  Malaria  Advisory  Board, 
AFHQ.  For  every  individual  who  reacted  physiologically  to  tlie  early  doses, 
there  were  several  others  who  experienced  similar  psychogenic — but  none  the 
less  incapacitating — episodes.  Actually,  when  the  smoke  had  cleared  away, 
it  was  apparent  that  most  of  tlie  affected  people  were  able  to  develop  a  tolerance 
to  the  drug  rather  promptly  if  daily  ibises  of  0.1  gm.  or  less  per  day  were  used. 
The  proportion  which  remained  continuously  sensitive  was  less  than  1  percent. 
Nevertheless,  as  a  result  of  the  widespread  distress,  numerous  officers  and  men 
feared  Atabrine  and  would  go  to  any  lengths  to  avoid  taking  it.  They  rational- 
ixed  their  deliberate  and  unauthorised  discontinuance  of  the  drug  on  many 
bases.  The  rumor  spread  that  Atabrine  was  a  cause  of  impotency.  The  yellow 
skin  infiltration  was  regarded  by  the  soldiers  as  jaundice  and  an  indication  of 
grave  liver  damage  from  which  they  might  never  recover. 

Medical  officers  unconsciously  sabotaged  the  program  by  expressing,  in 
the  presence  of  enlisted  men,  tlieir  doubts  of  the  prophylactic  value  of  Atabrine. 
Many  of  the  troops  worked  and  were  quartered  in  large  cities  such  as  Algiers, 
Oran,  and  Casablanca,  or  in  other  areas  where  mosquitoes  were  scarce  or 
absent.  Neither  ofleere  nor  enlisted  men  could  aee  any  use  in  taking  Atabrine 
under  these  conditions,  and  the  theater  regulation  was  not  enforced.  Them 
ii  regularities  in  taking  suppressive  Atabrine  were  evidenced  abundantly  by 
the  frank  ad aiias ions  of  malaria  patients  interviewed  by  malariologists  and 
by  the  casual  comments  of  offkere  in  messes  regarding  the  bottles  of  Atabrine 
on  the  tables  before  them.  Urns,  tha  proportion  of  troops  taking  Atabrine 
regularly  in  RMS  is  not  known  nor,  eonssqueuUy,  the  role  of  chemical  suppres¬ 
sion  in  the  picture  of  malaria  morbidity  which  developed  in  IMS  sad  in  early 
1044. 

A  natural  result  of  the  uncertain,  vacillating,  poorly  enforced  Atabrine 
policy  in  IMS  was  the  evolution  of  a  non  rational  directive  for  1M4.*  By 

"  Irr  ImHSi  1*.  p  JS*. 
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this  time,  more  information  regarding  the  suppressive  efficacy  nnd  lack  of 
toxicity  of  Atabrine  was  nvuilable.  'Die  |ieriod  1  May  to  15  October  was 
designated  as  the  malaria  season.  All  areas  were  to  lie  considered  malarious 
unices  otherwise  designated,  by  tlte  urea  commander  concerned  and  upon  the 
advice  of  bis  surgeon.  Noumalarious  ureas  were  designated  as  those  in  which 
malaria  did  not  occur  nnd  areas  where  control  measures  bud  effectively  removed 
the  likelihood  of  malaria  transmission.  All  military  personnel  were  directed 
to  take  one  0.1  gm.  tablet  of  Atabrine  ]>er  day  for  either  C  or  7  consecutive  days 
a  week  while  in  areas  which  had  not  lieen  designated  as  nonmalarions. 

The  flexibility  and  adaptability  of  this  directive,  reinforced  by  troop 
training  regarding  the  use  of  Atabrine,  resulted  in  considerable  improvement 
in  Atabrine  discipline  during  the  first,  linlf  of  tlie  1944  malaria  season.  Some 
difficulty  was  experienced  when  soldiers  who  had  been  taking  Atabrine  regu¬ 
larly  came  into  “noumalarious*1  rest  areas;  that  is,  Rome,  where  Atabrine  was 
not  provided  automatically  with  tlte  rations.  This  defect  was  corrected 
promptly.  The  most  serious  impediment  to  the  Atabrine  program  developed 
aa  the  result  of  successful  environmental  control  w|ierations.  Tlie  combination 
of  low  malaria  rates  and  negligible  anophelism  made  tlie  enforcement  of  sup¬ 
pressive  atabriniiation — and  other  personal  protective  measures  as  well — seem 
useless  to  officers  and  enlisted  men  alike.  Thus,  during  tlie  late  months  of  the 
malaria  season  in  19(4,  compliance  with  suppressive  Atabrine  regulations  was 
not  as  extensive  as  earlier  in  the  year. 

In  IMS,  the  policy  was  liberalised  further  by  making  Atabrine  suppressive 
medication  (0.1  gm.  per  day)  compulsory  only  in  specially  designated  areas." 
Several  such  areas  in  the  Po  River  Valley  were  thus  specified  by  the  Com¬ 
manding  General,  Fifth  UJ9.  Army.  Otherwise,  Atabrine  consumption  during 
the  year  was  limited  to  occasional  units  having  unduly  high  malaria  rates  or 
to  individuals  recovering  from  attacks.  The  1946  directive  was  thoroughly 
rational  and  enforceable  and,  judging  from  the  results,  the  most  successful  of 
the  suppremive  Atabrine  policies  developed  during  the  3  years. 

Research 

The  personnel  in  the  special  malaria  control  organisation  were  not  able 
to  devote  much  time  to  research.  This  was  due  not  to  any  disinclination  to 
TUigT  in  such  activities  bat  to  a  lack  of  opportunity.  During  the  winter  and 
early  spring  of  the  year,  typhus  control,  malaria  control  training,  and  pre- 
aaaaonal  control  activities  occupied  the  time  of  its  members.  After  the  tiwaa- 
mimon  season  commenced,  no  time  for  anything  but  control  work  remained. 
The  theater  was  fortunate  in  having  available  in  the  Allied  Control  Com- 
mission  (later  Allied  Commission)  certain  specialists  (made  possible  through 
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tlie  cooperation  of  member*  of  the  field  stuff  of  the  Intenmtioiml  Ileultli  Divi¬ 
sion  of  The  Rockefeller  Foundation),  highly  skilled  in  particular  phases  of 
malaria  control,  who  were  able  to  devote  their  entire  time  to  working  out 
problems  suggested  by  individuals  occupied  with  actual  malaria  control  re¬ 
sponsibilities.  Reference  is  made  to  the  monthly  re|M>rts  of  the  Demonstration 
Unit,  Malaria  Control  Branch,  Allied  Control  Commission. 

The  following  abstracts  are  lxtsed  upon  investigations  made  during  1944 
and  1945  by  members  of  the  specinl  malaria  control  organization  and  the 
Allied  Control  Commission. 

1.  Determination  of  toxicity  of  5  ]>erreut  DDT  in  kerosene  to  33  members 
of  |Mtwer  spraying  teams  exposed  0  hours  per  day,  t>  days  ]ier  week,  from 
1  to  21  weeks  each.  No  evidence  of  intoxication  was  adduced  from  histories, 
physical  examinations,  and  laboratory’  tests  in  a  general  hospital. 

2.  Analysis  of  admission  and  disposition  sheets  to  determine  what  pro- 
iwrtion  of  cases  originally  diagnosed  as  fevers  of  undetermined  origin  and 
febrieula  were  finally  diagnosed  as  malnrin.  Of  150  cases  in  the  Fifth  !T.S. 
Army  discharged  to  duty  during  each  of  the  following  months — .lime,  July, 
August — of  1944,  35  percent  were  detinitely  diagnosed  ns  malaria,  19  jierrent 
remained  as  fevers  of  undetermined  origin  or  febricnla.  and  tlie  remainder 
were  distributed  among  respiratory,  gastrointestinal,  and  miscellaneous  dis¬ 
orders. 

3.  Development  of  tlie  A-20  as  a  spray  plane  for  the  application  of  DDT 
in  liquids.  This  involved  experimentation:  (1)  with  M-10  CWS  wing  tanks 
which  were  discarded  because  of  their  mechanical  difficulties;  (2)  tlie  utilisa¬ 
tion  of  auxiliary  fuel  cells  (332-gallon  capacity)  and  airscoops  leading  to  an 
atomizing  chamber  wlience  the  spray  was  conducted  through  a  discharge  tube 
to  the  tail  of  the  ship  and  released;  and  (3)  a  special  300-gallon  tank,  from 
which  equalised  flows  were  obtained  irrespective  of  variations  in  the  hydraulic 
head  within  the  tank,  and  an  atomizing  apparatus  consisting  of  a  truncated, 
conical  airsroop  fitted  over  a  simple  discharge  pipe  so  t  hat  the  distance  between 
the  end  of  the  pipe  and  the  terminal  orifice  of  the  scoop  could  be  altered  to 
vary  droplet  size  and  pattern. 

4.  Development  of  the  PT-lT  (Stearman)  as  a  spray  plane  for  tlie  appli¬ 
cation  of  DDT  iu  liquids.  This  utilised  a  53- gal  Ion  steel  drum  as  a  reservoir 
with  flow -equalising  equipment  and  with  an  atomizing  apparatus  similar  to 
thorn  seed  on  the  A-SQ. 

5.  The  variable  spray  patterns  and  droplet  spectra  developed  by  the  A-40 
and  the  PT-17  aircraft  under  varying  conditions  of  temperature,  wind  direc¬ 
tion,  sise  of  outlet,  and  adjustment  of  atomiser. 

ff.  The  duet  pattern  developed  by  the  A-20  with  25  percent  pane  green- 
in-dmtomaceoas-earth  mixtures  under  conditions  of  varying  wind  directions 
and  amounts  of  duat  in  hopper.  Great  unevenness  in  spread,  particularly  of 
parts  green  particles,  was  noted. 
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7.  A  study  of  winter  DDT  house  spraying  mid  its  roiicomitiiiit  effect  on 
anophelines  and  malaria  in  mi  endemic  urea.'"’  A  single  application  of  .*>  per- 
cent  DDT  in  kerosene  (hi!  mg.  of  DDT  per  square  foot)  made  in  midwinter  to 
all  houses  and  outhouses  in  a  certain  area  with  virtually  no  other  anlimalaria 
measures  in  effect  resulted  in  reduction  in  miopheliue  densities,  frequency  and 
size  of  enlarged  spleens,  and  intrasite  rates  ( table  34). 

TabLK  34. — Hrnultn  of  iriitlrr  1>UT  4 pm L I  ntj  in  an  rnilrmic  ami.  1  !>  '<■> 
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Other  Activities 

During  the  winter  months,  the  special  malaria  control  organisation  was 
used  predominantly  for  troop  training  in  the  principles  of  malaria  prevention. 
Home  of  the  malariologists  and  antimalaria  units  were  employed  in  1943-44 
to  combat  the  typhns  epidemic  which  threatened  Naples  and  the  Fifth  IT.S. 
Army.  At  least  one  survey  unit  operated  prophylactic  stations  in  Naples  dur¬ 
ing  the  winter.  The  remaining  individuals  and  detachments  were  kept  occupied 
in  mapping,  making  watered-area  surveys,  overhauling  equipment,  consoli¬ 
dating  records,  and  in  accomplishing  such  preeeasonal  control  operations  as 
were  passible.  Thus  during  the  season  when  malaria  transmission  was  at  its 
lowest  ebb,  the  antimalaria  personnel  was  serving  usefully  and  in  accordance 
with  its  prescribed  functions. 

As  the  theater  malaria  control  organisation  expanded,  increasing  need 
was  felt  for  discussing  technical  and  administrative  problems,  for  evaluating 
certain  procedures,  and  for  exchanging  program  information.  To  some  degree, 
this  was  aceomplhhed  daring  the  periodic  Twits  of  the  theater  malariologists 
to  malaria  control  and  survey  units.  It  was  evident,  however,  by  the  end  of 
the  1944  malaria  season,  that  a  pooling  of  the  highly  specialised  experiences 
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of  tlie  malariologists  attached  to  major  commands  would  lx*  invaluable  toward 
making  future  operations  more  effective.  With  the  object,  therefore,  of  inte¬ 
grating,  coordinating,  and  improving  MTOt'SA  malaria  control  activities,  of 
interchanging  information,  and  of  broadening  the  ]>er»|ieetive  of  each  liiulnriol- 
ogist  by  acquainting  him  with  the  ex[»erience  of  his  fellows,  the  oflicer  mem¬ 
bers  of  the  2055th  Malaria  Control  Detachment  were  requested  to  attend  and 
participate  in  a  malaria  control  conference  at  Naples  during  November  1044. 
Sessions  were  held  daily  for  10  days.  The  program  included  a  summary  of 
theaterwide  malaria  control  accomplishments  and  reviews  of  individual  pro¬ 
gram  ex|>eriences  which  were  followed  by  group  discussion  and  criticism. 
Presentations  were  also  made  concerning  malaria  control  research  projects 
which  were  being  undertaken.  A  compilation  of  abstracts  of  the  program  was 
made  and  distributed  later  to  those  interested. 

The  results  of  the  conference  justified  completely  tlte  time  and  expense 
involved  in  holding  it.  The  pnrtici|Mtnts  had  devekqied  individual  |  stints  of 
view  which  tliey  pro|>ounded  with  great  self-assurance  and  defended  com¬ 
petently.  The  delilierate  scrutiny  ami  evaluation  of  each  policy  and  proce¬ 
dure  resulted  in  tlte  resolution  of  certain  generalizations  concerning  military 
malaria  control  which  summarized  tlte  views  of  the  mahiriologists.  Some  of 
them  are  presented  ill  the  following  sect  ion. 

CONCLUSIONS  AND  SUGGESTIONS  FOR  THE  FUTURE 

The  following  conclusions  regarding  NATOI7SA  (MTOI'SA)  malaria 
control  experience  and  recommendations  for  future  practice  are  not  intended 
to  reflect  adversely  on  individuals  concerned  in  tlieir  development.  Tliey  are 
presented  only  with  the  object  of  improving  military  malaria  prevention. 
Some  of  these  reflect  the  deliberations  of  the  malariologists  at  their  1044  meet¬ 
ing  in  Naples;  others  are  the  considered  reflections  of  the  author  based  upon 
his  experience  in  NATOCSA  and  MTOUSA  as  assistant  theater  malariologist 
and  then  theater  malariologist 

1.  Physical  noneflectivenees  due  to  malaria  did  not  threaten  significantly 
the  success  of  military  operations  in  this  tbeoter.  If  the  invasion  of  Hicily 
had  been  accomplished  lees  swiftly,  it  is  likely  that  malaria  casualties  might 
have  become  a  source  of  embarrassment  to  the  Commanding  General  in  the 
fulfillment  of  his  mimson. 

2.  The  principle  of  assigning  command  and  operational  responsibility 
to  the  theater  malariologist  in  addition  to  his  consultant  duties  worked  very 
well  in  this  tbeoter.  It  centralised  the  program  administratively  as  the  theater 
malariologist  was  then  in  position  to  attach  malariologists  to  major  com¬ 
mands,  to  control  essentially  the  attachment  of  antimalaria  units,  to  supply 
airplane  larviciding  service  where  needed,  and  to  advise  concerning  specie! 
malaria  control  supolies  for  the  theater. 
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3.  Military  malaria  control  has  all  the  diversity  of  practice  inherent  to 
civilian  miliaria  control  in  addition  to  ninneroiis  other  variable  circumstances 
which  do  not  occur  in  peacetime  nntimalurin  operations;  for  example,  static 
versus  mobile  |M>pulntious,  restricted  versus  t>x|Miii«]ing  territories,  service  versus 
combat  ami  flying  troojts,  and  the  great  increase  in  manmade  mosquito  breed¬ 
ing  places  tine  to  topographic  damage  resulting  from  combat.  Therefore,  it  is 
not  feasible  to  plan  or  o|>ernte  on  a  highly  regimented  basis;  it  is  letter  in 
the  long  run  to  |temiit  the  local  lttahiriologists  ns  much  intle]ieiideiice  anil 
lilterty  in  developing  mitl  ada]aing  their  programs  to  prevailing  conditions 
as  is  consistent  with  general  theater  coordination. 

4.  Didactic  nmlarin  control  training  is  necessary  ns  an  initinl  incident 
in  the  educational  process,  lmt  the  process  must  lie  a  continuous  one  ill  which 
the  school  is  the  liegiiinitig  mid  not  the  end.  Efforts  at  motivating  military 
personnel  to  nvoitl  ex]x*mre  to  malaria  anti  of  compensating  for  necessary 
risks  must  lie  maintained  as  long  as  tlie  hazard  of  infection  exists. 

5.  More  malaria  control  enlightenment  of  line  officers  is  needed,  es]iccially 
to  promote  a  clear  understanding  of  what  their  enlisted-men  antiinnlaria  details 
an  supposed  to  do.  This  is  especially  true  of  commanding  officers,  part ienlnrly 
of  company  grade. 

6.  A  greater  utilization  of  medical  supervision— perhaps  through  the 
medium  of  sanitary  technicians — in  unit  malaria  control  would  contrilwte 
greatly  to  the  effectiveness  of  tlie  program,  liy  War  Department  Circular 
No.  223,  dated  21  September  1943,  enlisted-men  details  were  to  he  composed 
mainly  of  non  medical  department  personnel  and  were  under  tlie  direct  com¬ 
mand  of  junior  line  officers  who  did  not  know  how  to  use  them.  If  the  enlisted- 
men  details  could  be  placed  under  the  technical  direction  of  tlie  medical  officer, 
they  might  be  used  to  much  better  advantage. 

7.  It  was  the  considered  opinion  of  the  amembled  malariologists,  most  of 
whom  wen  medical  officers,  that,  in  MTOUSA,  primary  malaria  control 
emphasis  should  be  placed  on:  (1)  Environmental  control  measures,  (2)  the 
aai  of  bed  nets,  (8)  protective  clothing  and  repellents,  and  (4)  suppressive 
medication.  It  is  quite  possible  thst  groups  of  malariologiats  from  other 
theaters  would  have  given  entirely  different  priorities  to  these  activities. 

8.  The  aabject  which  provoked  the  moat  vigorous  and  sustained  controversy 
in  the  malsrioiogwts'  conference  was  the  question  of  how  much  malaria  control 
duald  ha  done  for  troops  by  the  special  malaria  control  organisation  and  how 
numb  troops  should  do  for  themselves  through  the  medium  of  enlisted-men 
anti  malaria  details.  Except  for  the  general  proposition  that  b*tk  enlisted-men 
details  and  antimalarim  units  were  needed,  there  was  no  general  agreement  as  to 
their  relative  importance  and  dependability.  In  this  theater,  it  was  certainly 
tree  that  malaria  control  could  not  be  left  ent  irely  to  enlisted-men  details.  The 
individuals  assigned  to  this  duty  in  many  instances  had  little  or  no  interest  in 
it;  many  of  them  had  other  duty  assignments  that  not  infrequently  superseded 
malaria  control.  Some  of  tlie  men  were  inefficient  and  lasy.  Frequent  changes 
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occurred  due  to  promotion,  transfer,  or  the  uupredictnble  notion  of  their  com¬ 
manding  officers,  so  that  there  was  much  turnover  and  discontinuity  in  their 
work.  They  were  commanded  by  officers  who  often  were  not  well-indoctrinated 
with  the  importance  and  nature  of  their  malaria  control  responsibilities. 

Nevertheless,  most  of  the  environmental  control  (mainly  DDT  spray  kill¬ 
ing)  in  forward  areaa  was  done  with  enlisted-men  details,  and  some  of  them 
performed  magnificently  under  tire.  The  commanding  officers  of  forward 
troops  are  rarely  convinced  of  the  urgency  of  malaria  control  units  and  are 
mote  prone  to  consider  them  unnecessary  liabilities  which  have  to  lie  rationed, 
sheltered,  and  guarded.  Thus,  it  is  necessary  under  these  conditions  to  de|iend 
primarily  on  the  enlisted-men  details,  enhanced,  wliere  possible,  by  trained 
malaria  unit  personnel. 

On  the  other  hand,  it  was  tlie  general  experience  in  this  theater  that  in  the 
relatively  static  rear  areas  a  much  higher  quality  of  diversified  malaria  control 
program  could  be  carried  on  through  the  use  of  native  lalmr,  lalmr  troops,  or  of 
consolidated  enlisted-men  details  working  under  the  direction  of  malaria  control 
unit  personnel. 

9.  It  was  generally  believed  by  the  malariolagic  personnel  in  this  tlieater 
that  the  malaria  survey  units  and  malaria  control  units  as  defined  in  1944  were 
too  small  to  accomplish  their  objectives  efficiently.  They  were  dependent  upon 
larger  units  for  rations  and  billets,  and  an  unreasonably  high  proportion  of 
their  enlisted  men  component  was  needed  for  unit  administration.  It  was  sug¬ 
gested  that  several  units  might  be  attached  to  a  higher  coordinat  ing  headquar¬ 
ters  for  more  effective  utilisation  of  unit  personnel,  or  that  larger,  more 
self-sufficient  units  be  organized.  In  1945,  the  tables  of  organisation  and  equip¬ 
ment  for  a  medical  battalion  headquarters  which  might  be  used  to  consolidate 
antimalaria  units  were  published,  but  this  sctkm  was  to'*  late  to  be  of  use  in 
MTOUSA.  Since  the  end  of  the  war,  self-sufficient  preventive  medicine  com¬ 
panies  have  been  authorised,  the  functions  of  which  include  malaria  survey  and 
control.4* 
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CHAPTER  VI 

Africa-Middle  East  Theater 

John  W.  H.  Rehn,  Pk.  D. 


In  Africa  and  the  Middle  East,  U.S.  military  strength  was  small,  and 
troops  were  spread  over  an  enormous  territory.  Although  some  combat 
occurred  within  the  area,  American  activities,  with  tlie  exception  of  air  combat 
forces,  were  fundamentally  those  of  transport,  supply,  and  liaison.  Tortuous 
supply  routes,  particularly  for  air  transport,  necessitated  numerous  bases. 
Many  of  them  were  of  an  emergency  or  secondary  character,  and  were  lightly 
staffed.  While  some  portions  of  the  area  were  as  malarious  as  any  in  tlie  world, 
others  wen  nonmalarious.  As  geographic,  climatologic,  and  biologic  condi¬ 
tions  were  very  diverse,  the  programs  developed  were,  in  general,  to  meet  local 
conditions.  Administrative  commands  and  boundaries  were  frequently 
changed,  so  that  a  decentralised  method  of  malaria  control  and  prevention  was 
followed. 

The  discussion  of  malaria  in  the  Africa-Middle  East  theater 1  is  divided 
into  a  general  consideration,  supplemented  by  more  detailed  accounts  of  activi¬ 
ties  in  Liberia  and  in  the  Persian  Gulf.  This  division  lias  been  made  because 
of  biologic  and  administrative  differences  in  these  areas  and  because  of  limi¬ 
tations  of  available  information. 

Tbs  Liberian  area  had  considerable  contact  with  Central  and  other  West 
African  areas.  Moreover,  more  detailed  information  is  available  for  it  and 
certain  other  mall  arena  than  is  obtainable  for  the  whole  region.  The  Persian 
Gulf  ares,  in  addition  to  its  geographic  separation,  differs  significantly  from 
all  the  other  areas  and  within  itself  shows  considerable  diversity.  Each  of 
these  areas  wss  sa  independent  command  for  at  least  a  portion  of  the  period 
covered. 

In  addition  to  a  discussion  of  the  general  development  there  has  bees 
appended  a  brief  rfaunt  of  the  growth  of  the  Air  Transport  Comaaand  and 
associated  service  command*.  Because  of  their  virtually  independent  develop¬ 
ment,  a  combined  account  might  present  a  confused  picture. 
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MILITARY  DEVELOPMENT 
General  Considerations 

On  13  Septemlter  1941,  the  President  of  t lie  United  .States,  in  a  memoran¬ 
dum  to  the  Secretary  of  War,  requested  that  arrangements  Its  made  at  the 
earliest  practicable  time  for  the  establishment  and  o]»e ration  of  depots  in  tlie 
Middle  East  for  the  maintenance  and  supply  of  American  nircraft  and  all 
types  of  ordnance  furnished  the  Brit  ish  in  that  area.  The  LT.S.  Military  North 
African  Mission  was  immediately  formed  and  sent  to  Egypt,  where  it  nrrived 
in  Cairo  on  22  November  1941.  Contact  was  made  to  select  housing,  develop 
plans,  and  choose  sites  for  bases.  British,  civilian,  and  captured  records  and 
reconnaissance  surveys  of  Eritrea,  Egypt,  Anglo- Egyptian  Sudan,  and  Pales¬ 
tine  were  utilized.  In  Egypt,  the  projects  included  ordnance  shops  as  well  as 
engineer  and  signal  repair  installations.  Smaller  scale  activities  of  a  similar 
type  were  planned  for  Palestine.  At  Port  Sudan  and  in  Eritrea,  it  was  pro¬ 
posed  to  have  Air  Corps  re|>air  depots,  ordnance  repnir  sliops,  a  naval  base, 
and  port  facilities. 

Since  the  United  States  was  at  tliat  time  a  nonbelligerent,  the  Army  could 
not  build  and  staff  the  proposed  installations  itself,  but  it  wns  responsible  for 
the  planning  and  supervision.  The  President  had  written :  “The  British  au¬ 
thorities  should  be  consulted  on  all  details  as  to  location,  siae  and  tlie  character 
of  depot  and  transport  facilities.  Their  needs  sliould  govern.” 

The  Japanese  attack  on  Pearl  Harbor  changed  tlie  status  of  all  U.S.  Army 
activities.  Construction  was  accelerated,  militarisation  of  the  Mission  between 
10  April  and  19  June  1942  was  accomplished,  and  the  region  was  consolidated 
into  a  theater  of  operations  known  as  USA  FI  ME  (UJS.  Army  Forces  in  the 
Middle  East).  Service  commands  were  organised  in  the  various  areas.  The 
Iranian  Mission  was  included  among  USAFIME.  When  Egypt  was  jeopar¬ 
dized  by  the  campaign  in  the  desert  in  June  1942,  the  Trans-Africa  Road  Re¬ 
connaissance  Party  made  an  investigation  of  a  supply  route  across  Africa  on 
the  southern  fringe  of  the  Sahara  Desert  from  Khartoum  in  the  Anglo- 
Egyptian  Sudan  to  Lagos,  Nigeria.  Seven  out  of  ten  of  the  reconnaissance 
party  contracted  malaria.  Fortunately  it  was  not  necessary  to  develop  this 
alternate  route. 

The  UA  Army  Middle  East  Air  Force  was  established  on  28  June  1942 
and  on  12  November  was  designated  the  Ninth  Army  Air  Force,  while  the 
UA  Army  Ground  Forces  in  the  Middle  East  was  organised  on  13  August 
1942. 

A  reorganization  on  11  August  1942  resulted  in  the  forming  of  the  Entree, 
Delta,  Levant,  and  Persian  Gulf  Service  Commands  (map  14).  The  Libyan 
Service  Command,  which  originated  on  7  December  1912,  functioned  until  the 
end  of  May  1943  ( map  IS)  and  was  then  divided  into  base  commands. 
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Map  14.—  l',H,  Army  Tiirvr*  !■  Ikr  MkMk>  En*t,  JwriwIW-tkMuil  mik  1M2. 


By  13  May  1043,  all  organised  resistance  in  North  Africa  had  ended. 
Preventive  medicine,  with  the  problem  of  malaria  control  topping  the  list, 
had  been  of  the  greatest  importance  in  all  opera!  ions. 

The  bane  commands  established  in  the  former  Libyan  Service  Command 
were  disbanded  in  September  and  November  1043.  The  Sues  Canal  Port 
Command  was  discontinued  as  a  separate  entity,  and  all  were  reebsorbed  into 
the  Delta  Service  Command. 

In  September  1043,  the  U.S.  Army  Forces  in  Central  Africa  were  incor¬ 
porated  into  the  USAFIME  and  redesignated  the  West  African  Service  Com¬ 
mand.  IT.S.  Forces  in  Liberia  came  into  the  theater  without  a  change  of 
name.  The  Persian  Gulf  Service  Command  was  split  off  to  form  an  inde¬ 
pendent  command  in  December  1043  (map  13).  Tims,  activities  were  spread 
from  Senegal  in  the  west  to  Iran  in  the  east.  Dm*  Air  Transport  Command, 
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with  its  isolated  bases  across  the  continent  of  Africa,  added  to  the  malaria 
problems  of  the  theater. 

General  retrenchment  followed  in  1M4.  Malaria  was  under  control  in 
most  of  the  theater.  Active  fighting  had  moved  far  enough  from  the  Middle 
East  to  render  the  theater  of  USAFIME  one  of  communications  rather  than 
of  combat.  The  original  Delta  Service  Command  clianged  into  the  Middle 
East  Service  Command  on  16  February  1044.  US.  Forces  in  Eritrea  regained 
a  certain  amount  of  independence  later  in  the  year,  wlien  they  were  again 
designated  the  Eritrea  Base  Command  (map  16). 

Early  in  1945,  the  jurisdiction  of  USAFIME  was  greatly  expanded.  The- 
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ater  boundaries  were  extended  to  include  not  only  the  whole  continent  of 
Africa  and  the  Middle  East  but  also  a  sector  of  Antarctica  with  its  apex  at 
the  South  Pole.  The  name  of  the  tlieater  wns  changed  on  1  March  1945  to 
the  Africa-Middle  East  tlieater.  Those  installations  in  French  Morocco,  Al¬ 
geria,  and  Tunisia  which  joined  the  tlieater  in  March  were  organized  into 
the  North  African  Service  ('oiiuunnd. 

A  reduction  of  theater  activities  occurred  as  a  result  of  victory  in  Europe, 
but  it  did  not  eliminate  air  truffle  to  India  and  China.  It  greatly  stimulated 
air  travel  from  Europe  to  the  United  States  by  way  of  North  Africa. 

After  2  Septemlier  1945,  Y-J  Day,  tlie  Africa-Middle  East  tlieater  pro¬ 
ceeded  on  a  rapid  reorganization  program,  and  by  the  end  of  the  year  most 
of  the  troops  had  been  withdrawn. 


Mar  ll-UA  Aral  Force*  to  the  MhMIe  But,  Jariarttetiooal  Map,  1044. 
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Air  Transport  Command  in  Africa 

The  U.S.  (fovenunent  was  interested  in  the  delivery  of  airplanes  to  the 
Allies  in  tlte  Middle  and  Far  East.  For  this  puqxwe,  Pnn-Auterioan  Airways 
had  keen  commissioned  to  estalriish  n  route  for  the  trnna|M>rtation  of  aircraft 
by  way  of  Africa  to  tlte  Middle  East.  The  route  passed  from  lirazil  to 
Lilieria,  through  five  Hold  ('oast,  Nigeria.  Anglo- Egyptian  Sudan,  Egypt, 
and  Eritrea  (map  IT),  latter,  it  was  extended  through  Aden  to  India,  lty 
l.r>  I tpeemlier  tlte  Air  Trans|x>rt.  Command  was  operating  the  full  route. 

When  the  British  Eighth  Army  was  driven  eastward  to  tlte  Nile  lJelta 


AFRICA-MIDDLE  EAST  THEATER 


309 


in  the  spun#  of  1942,  tlte  vulnerability  of  thin  air  route  becume  apparent.  The 
War  Depaiiiavnt  decided  to  find  an  ttltenuite  route  ami  chime  one  which  ex¬ 
tended  from  Natal,  Brazil,  to  Ascension  Island,  to  French  Equatorial  Africa, 
the  Belgian  Congo,  Uganda,  and  Abyssinia  to  Aden,  and  this  grouping  of 
airbases  was  organized  as  tlie  U.S.  Army  Forces  in  Central  Africa. 

During  1943,  the  Air  Traiuqjort  Command  grew  and  became  more  tirinly 
establislied  in  Africa  and  Asia  Minor.  Tlte  Africa-Middle  East  Wing  was 
reorgani '-ed  into  a  North  African  Wing  and  u  Central  African  Wing. 

U.S.  Army  Forces  in  Central  Africa  dated  tlte  partly  developed  Soutliem 
Trans-Af  ‘ican  Air  Uoute  in  1913.  Its  activities  came  under  tlte  jurisdiction 
of  USAF1ME  on  15  September  1943. 

The  Central  African  Division,  Air  Transport  Command,  was  inactivated 
and  closed  its  stations  in  June  and  July  1945,  and  tlte  West  African  Service 
Command  was  inactivated  on  30  June  1945.  Remaining  activities  were  placed 
under  control  of  tlte  North  African  Service  Command. 

U.S.  Army  Forces  in  Liberia 

The  mission  of  U.S.  Army  Forces  in  Liberia  was  to  construct  and  main¬ 
tain  airfields  and  associated  transport  facilities.  In  August  1941,  the  UA 
Government  contracted  to  estaldiah  aerial  service  through  points  in  Africa. 
Construction  was  started  at  Roberts  Field,  Liberia,  and  continued  until  31 
December  1942,  when  all  material  was  turned  over  to  the  UA  Army  Forces. 
The  original  plan  to  use  Bathurst  and  Gambia,  British  West  Africa,  was  aban- 
dated  in  late  1911,  and  material  was  directed  to  the  shone  of  Fisherman 
Lake,  Liberia. 

A  defense  agreement  was  signed  by  representatives  of  the  United  States 
and  the  Liberian  Government  on  31  March  1942.  The  diet  task  fane  arrived 
in  June  1942  and  was  concerned  with  airfield  construction  and  with  preparing 
for  the  huger  defense  force.  The  other  teak  force  arrived  on  II  March  1943. 
In  addition,  the  Liberian  Government  was  assisted  in  reorganising,  training, 
and  equipping  the  Liberian  Frontier  Faroe. 

On  28  February  1944,  the  UJ3.  Army  Forces  in  Liberie  was  inactivated. 

Persian  Calf  Command 

On  27  September  1941,  ae  the  remit  of  a  Piaaidantiel  directive,  the  UM. 
Military  Iranian  Miaiina  was  eatahlMwd  to  include  the  Iranian  Engineer  Dis¬ 
trict,  North  Atlantic  Division,  and  to  anpphasant  tha  effects  of  the  British 
in  the  Persian  corridor.  The  mission  arrived  in  Baghdad,  Iraq,  on 
30  November  1941. 

Entry  of  the  United  States  into  the  war  did  not  at  first  alter  the  organi¬ 
sation  setup,  but  the  territory  of  the  UA  Iranian  Mhskn  was  changed  to 
exclade  India  on  4  April  1942. 
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Tlie  activities  of  tlte  U.S.  Military  Iranian  Mission  included  the  con¬ 
struction  or  reconstruction  of  approximately  1,000  miles  of  all-weather  road; 
the  building  and  operation  of  airplane,  truck,  and  barge  assembly  plants; 
and  the  development  of  port  facilities. 

The  UJS.  Military  Iranian  Mission  was  discontinued  on  24  June  1942,  and 
the  area  was  redesignated  and  established  as  the  Irnn-Imq  Service  Command 
of  USAFIME.  On  13  August  1942,  tlie  Iran-lraq  Service  Command  was  re¬ 
designated  and  established  as  tlie  Persian  Gulf  Service  Command  with  its 
geographic  limits  fixed  as  embracing  Iraq.  Iran,  and  those  parts  of  Arabia  that 
border  on  the  Persian  Gulf.  In  order  to  facilitate  control  and  siqiervisioii,  it. 
was  divided  into  territorial  areas  on  1  September  1942.  The  Persian  Gulf 
Service  Command  was  put  under  the  jurisdiction  of  tlie  Services  of  Supply, 
USAFIME,  when  tlie  latter  was  establislied  on  4  November  1942,  and  was 
relieved  of  this  assignment  oil  20  January  1943. 

After  the  Teheran  Conference,  tlie  Persian  Gulf  Service  Command  was 
redesignated  tlie  Persian  Gulf  Command  and  was  removed  from  the  jurisdic¬ 
tion  of  USAFIME.  At  this  time,  UJS.  military  activities  in  all  of  Saudi 
Arabia  came  within  the  jurisdiction  of  USAFIME. 

The  mission  of  the  Persian  Gulf  Command — the  transportation  of  materiel 
to  tlie  U.S.S.R.  from  Persian  Gulf  ports  across  Iran — was  declared  accom- 
plisiied  on  1  June  1945.  Effective  on  1  October  1945,  this  command  became  a 
sultcommand  of  the  Africa-Middle  East  theater  known  as  the  Persian  Gulf 
Service  Command.  The  Persian  Gulf  Service  Command  cloeed  suddenly,  and 
all  personnel  were  evacuated  on  31  December  IMS. 

AREA  CHARACTERISTICS 

Tlie  Africa-Middle  East  area  may  be  divided  for  purposes  of  description 
into  two  regions,  Ethiopian  (Africa)  and  Pa laes retie  (map  18). 

Ethiopian  Region 

The  tropical  African  area  may  be  divided  into  a  number  of  distinct  bio¬ 
logic  areas.*  The  most  important  of  three  is  the  immense  West  African  region. 
Within  this  and  the  East  and  Sooth  African  regions,  secondary  divisions  are 
readily  evident.  Became  of  the  large  number  of  dkiact  biologic  areas  and 
the  spares  troop  population  prerent,  detailed  statements  concerning  oil  there 
divioinoo  am  not  required  here.  However,  generalizations  and  discussion  of 
features  at  atone  points  of  troop  costmntratkm  may  be  of  interest 

The  cooot  of  Wret  Africa  is  bordered  by  a  wide  belt  of  virgin  tropical  forest, 
which,  however,  is  broken  by  the  clearings  of  the  local  population.  To  the 
north,  the  forests  continue  in  open  savanna  woodlands,  grassland  interspersed 

*  O'HupOtul  Hnanl  Mr*.  Finch  Eaaatertal  Africa  aaS  Cicrwm, Oml  SriUla  Adalrahr. 
Kara  I  liMIlinM  BiWw.  Dccnahcr  IMS. 
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with  inhtid  group*  of  trees,  end  forest- fringed  rim  course*.  The  region 
then  passes  into  the  Sudan  Plain  which  is  corned  with  deciduous  brash  and 
thorn.1 

In  the  Sudan  itself,  there  are  taro  distinct  areas,  the  southern  forest,  which 
has  an  average  rainfall  of  40  to  SO  inches  a  year  and  which  is  composed  of 
plains  overgrown  with  deciduous  trees,  and  the  more  northern  districts,  with 
rainfall  of  90  to  40  inches  a  year,  characterised  by  thornbuah -covered  plains. 

The  rniay  meson  begins  in  the  coastal  districts  in  April  and  eoutinaes  to 
ths  middle  of  July.  This,  in  torn,  is  followed  by  gradually  decreasing  rains 
succeeded  in  October  fay  a  short  rainy  season.  The  driest  period  of  the  year 
is  from  December  to  March. 


'Xsftms.  0,  as*  O.  («SSn| :  Tta  Afrina  HiiSm>,  A  GsU*  to  Wnt,  Sntk,  »4 
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In  the  Dakar  area,  French  West  Africa,  rainfall  is  relatively  light  (from 
25  to  30  inches  a  year),  and  summers  are  warm. 

In  Liberia,  the  humidity  generally  is  high.  The  dry  season,  extending  from 
December  to  March,  definitely  is  the  hottest.  The  wet  season,  which  extends 
from  April  to  November,  while  not  cool,  is  less  hot.  Throughout  this  ni-ea, 
seasonal  differentiation  is  into  the  wet  and  dry  seasons,  rather  than  into  sum¬ 
mer  and  winter.* 

Tlie  Gold  Coast  lias  u  hot  and  damp  climate.  ICain fall,  however,  is  less 
than  in  other  regions  of  tlie  coast.  The  dry  and  rainy  seasons  are  clearly  de¬ 
fined.  The  latter  starts  in  March  and  continues  until  about  the  end  of  dune. 
A  short  and  comparatively  dry  season  ensues  until  the  beginning  of  September, 
when  the  rains  recommence  and  continue  until  the  end  of  October.  Tlie  dry 
season  lasts  from  November  to  March.5 

In  Nigeria,  the  coastline  is  backed  by  a  belt  of  swamp  and  mangrove 
forest  from  10  to  00  miles  in  breadth  which  is  intersected  liy  tlie  various  arms 
of  tlie  Niger  and  other  large  rivers  and  streams.  Beyond  the  forest  zone  is  a 
broad  section  of  more  or  less  o|ien  country,  consisting  of  savanna  and  parklike 
land.  Most  of  the  country  is  an  undulating  plateau  which  rises  to  an  average 
of  altout  2,000  feet  and  is  inters|iersed  with  isolated  hills. 

Tlie  Belgian  Congo  is  a  broad  belt  of  almost  impenetrable  primitive  forest 
stretching  with  scarcely  a  break  to  about  the  fourth  degree  of  south  latitude. 
This  virgin  forest  is  bounded  to  the  north  and  south  by  parklike  land,  brush, 
and  grass  savannas. 

Palaearctk  Region 

In  the  Palaearctic  Region  of  the  Africa-Middle  East  area,  a  number  of 
distinct  aones  may  be  recognized.  In  a  general  broad  category  can  be  placed 
all  the  area  bounding  the  southern  and  eastern  shores  of  the  Mediterranean. 
This  semiartd  land  occupies  a  strip  between  the  coast  and  the  interior  deserts. 
As  exemplified  by  Palestine,  although  the  actual  time  of  arrival  of  the  rains 
varies  from  place  to  place,  conditions  are  as  follows:  Thera  is  seasonal  rain¬ 
fall,  beginning  about  the  middle  of  October  and  lasting  until  the  middle  or 
tod  of  March.  During  April,  there  are  a  few  spring  showers,  and  from  than 
until  the  end  of  October  there  b  practically  no  rain.  The  country  has  really 
only  two  aeuaone — winter  and  summer.  Throughout  this  country,  January 
is  the  coldest,  sad  August  the  hottest,  month  of  the  year.  In  general,  the 
relative  humidity  ie  highest  during  the  rainy  eeueon  and  lowest  in  May  and 
October.  Along  the  actual  coast,  the  humidity  ie  high  throughout  moat  of  the 
year. 


»  Him,  Mfhard  T.  (feme) :  Ike  Afrieaa  SmUI»  at  Uteri*  fad  TV,  Belftaa  Cm**.  M  aa 
«kf  OkatffMaaa  Made  fad  Material  Caltaeted  Daria*  tka  Harvard  Afrteaa  fcHWaa.  ItM-IMT. 
Quakridet :  Harvard  Calverritjr  haa,  leak,  rel.  I. 
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The  general  Nile  drainage  urea,  at  least  that  portion  occurring  ill  Kgypt, 
is  an  intensely  agricultural  section  which  has  numerous  problems  |ieculiar 
to  itself.  Irrigation  muhmhtedly  is  one  of  the  main  fnrtors  contributing  to 
the  presence  of  malaria  in  this  region. 

In  the  Persian  Gulf  area,  three  major  distinctions  may  be  made.  The 
first  of  these  is  the  actual  coastal  ami,  where  littoral  conditions  contribute 
greatly  to  the  malaria  problem.  Inland,  one  first  finds  large  reaches  of  arid 
or  semiarid  lands  ill  which  malaria  is  not  widespread  but  is  contiued  to  those 
areas  in  which  irrigation  is  practiced  or  in  the  vicinity  of  oases  and  wells. 
Continuing  furtlier  inland,  one  readies  the  mountainous  and  plateau  section. 
In  this  area  of  the  country,  which  is  well  watered,  malaria  is  present  hut 
usually  not  liyiierendeinic.  Irrigation,  us  well  as  the  many  natural  water* 
ways  and  basins,  supplies  the  potential  and  actual  breeding  location  for  the 
various  Anopftelex  vectors  of  malaria. 

Tables  35  and  .‘Mi  show  average  leni|ieratiire  and  precipitation  at  selected 
localities.  Tliese  give  some  approximation  of  meteorologic  conditions  at  some 
of  the  more  ini|iortaiit  centers  of  troop  concent  ration. 

LOCAL  POPULATION 

Throughout  the  areas,  local  po|mlations  represented  several  races  and 
numerous  distinct  tribal  stocks.  In  West  and  Central  Africa,  various  indig¬ 
enous  tribes  of  Negroid  stock,  employed  as  unskilled  labor,  were  closely 
associated  with  American  troops.  The  degree  of  association  varied  from  inter¬ 
mittent  to  almost  constant,  depending  upon  the  condition  at  the  particular  base. 
In  some  cases,  local  residents  were  not  allowed  in  the  controlled  areas  except 
while  working,  but  in  other  localities  entire  villages  lay  in  close  proximity  to 
troop  quarters. 

In  Northeast  Africa,  posts  and  camps  were  usually  situated  along  transport 
and  communication  lines,  in  or  near  towns  or  cities.  Here,  again,  the  resident 
population  (Egyptian,  Arabian,  and  Hamit ic)  was  utilised  for  labor.  There 
must  have  been  considerable  contact  during  working  hours  under  a  variety  of 
conditions.  In  the  Levant,  conditions  resembled  those  in  northeast  Africa. 

The  Persian  Gulf  urea,  with  its  problems  of  transport  and  supply,  neces¬ 
sitated  close  contact  with  the  resident  population.  Here,  labor  forces  and  such 
skilled  personnel  as  wen  available  wen  utilised  by  the  Army.  Without  doubt 
hen,  too,  then  was  close  contact  with  the  indigenous  population. 

Living  conditions  among  all  types  of  population,  whether  Negroid,  Ara¬ 
bian,  Persian,  or  other,  wen  generally  substandard.  Then  was  a  lack  of  even 
the  most  elementary  sanitation,  and  health  conditions  were,  in  general,  poor. 
Malaria  control  was  usually  nonexistent.  In  some  areas,  malaria  was  looked 
upon  as  the  will  of  Allah  and,  therefore,  beyond  the  means  of  mere  mortals  to 
comprehend  or  control.  Adding  to  this  the  diversity  of  .1  no  (their*  vectors 
and  their  varied  breeding  habits,  one  can  understand  why  nislaria  was  a  major 
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problem  in  much  of  the  area.  Because  of  lack  of  education,  information, 
and  initiative,  many  other  diseases  were  also  widespread. 

MALARIA  ENDEMIC1TY  AND  POTENTIALITIES 

Africa  and  the  Middle  East  are  well  known  for  their  areas  of  malaria 
endemicity.  Before  American  occupation,  anti  malaria  work  and  malaria 
surveys  had  been  carried  on  throughout  considerable  portions  of  this  territory; 
however,  there  is  not  sufficient  information  to  present  an  accurate  map.  Tlie 
effect  of  malaria  on  this  area  is  difficult  to  measure.'  Enough  work  has  been 
done  and  enough  experience  gained  to  show  that  nmlnria  occupies  a  high 
place,  if  not  the  foremost,  among  the  infective  diseases  causing  mortality  and 
morbidity  in  the  indigenous  populations.  It  plays  an  outstanding  part  in 
hindering  the  progress  and  social  development  of  the  people  and  in  retarding 
the  advancement  of  industry  and  trade.  Up  to  the  time  of  World  War  II. 
the  prevention  or  control  of  malaria,  with  some  notable  exceptions,  had  beeu 
attempted  only  in  populations  inhabiting  comparatively  circumscrilied  areas, 
in  urlmn  districts,  in  large  engineering  or  industrial  projects,  or  in  some  areas 
of  European  fanning  settlements.  In  British  colonial  territories  antimosquitn 
measures  had  been  practiced  in  the  main  townships.'  In  and  around  airports, 
considerable  antimosquito  measures  were  attempted.1  Elsewhere,  some  steps 
had  been  taken  to  break  the  mosquito-men-moequito  cycle  of  the  parasite  in 
European  homes  by  the  use  of  screening,  bed  nets,  and  insecticidal  sprays. 

Africa  as  a  whole  is  highly  malarious.  There  are,  however,  portions  of 
the  Union  of  South  Africa,  vast  stretches  of  the  Sahara  Desert,  and  various 
mountain  areas  in  which  malaria  is  definitely  absent.  Falciparum  malaria  is 
the  most  important  variety  in  tropical  Africa. 

The  entire  Mediterranean  coast  of  Africa  is  malarious,  ranging  in  degree 
from  low  to  high  endemicity.  Malaria  extends  southward  into  the  gnat  desert 
in  several  isolated  oases.  Throughout  the  huge  Nile  drainage  system,  malaria 
is  endemic.  Around  the  Sues  Canal  and  on  both  shone  of  the  Bed  Sea,  it  is 
also  endemic.  This  condition  extends  down  most  of  the  coastal  lowlands  of 
east  Africa.  One  main  except  km  is  the  desert  area  of  British  and  Italian 
Somaliland.  The  West  Coast  of  Africa  is  also  notorioasly  subject  to  malaria. 

Throughout  the  gnat  west  African  region,  which  encompasses  primarily 
tbs  Gaines  forest  belts  and  associated  savanna  land,  malaria  reaches  hyperen¬ 
demic  proportions.  Endemicity  gndaally  tspen  off  until  it  is  completely 
absent  in  the  southern  reaches  of  the  Sahara  Desert.  West  Africa  has  a  sinister 


•Malaria  UaSrr  Afrtcaa  Ciastlm,  Qaart  Bafl.  Raalth  Oraaa..  Laaiae  af  Kattaas  S:  lie-112. 
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reputation  in  the  matter  of  health.  In  this  area,  malaria  is  probably  the  most 
important  cause  of  morbidity,  inefficiency,  and  premature  deaths.  Nearly 
every  member  of  the  indigenous  population  is  infected  with  malaria  early  in  life. 

Throughout  British  East  Africa,  malaria  is  prevalent  but  does  not  reach 
tlie  proportions  found  in  west  Africa.  The  plateau  section,  although  mildly 
malarious,  does  not  offer  suitable  conditions  for  the  hyperendeniicity  found 
further  to  the  west.  These  conditions  prevail  in  a  southerly  direction  jaist 
the  points  where  American  troops  were  stationed. 

Throughout  the  Levant,  malnria  is  present  to  a  varying  degree.  Some 
areas  of  hyperendemicity  are  known,  but  for  the  most  part,  moderate  to  slight 
endemicity  is  the  rule.  A  considerable  amount  of  autimalaria  work  was  done 
in  these  countries  liefore  they  were  occupied  by  American  troops. 

In  the  Persian  Gulf  area,  malnria  is  widely  prevalent  and  often  highly 
endemic,  especially  in  the  low  coastal  regions. 

In  addition  to  these  generalities,  the  following  more  detailed  informa¬ 
tion  on  areas  where  troops  were  stationed  is  of  interest. 

French  West  Africa 

In  the  Dakar-Rufisque  area  of  French  West  Africa,  from  24  to  64  percent 
of  blood  smears  from  local  residents  were  positive  for  Plasmodium?  Game- 
tocyte  indices  averaged  6  pereent  in  total  examined  and  28  percent  in  children 
between  the  ages  of  5  and  10  years.  On  the  Yoff  Peninsula,  surveys  among 
the  indigenous  population  showed  DO  percent  inactivity  with  a  6- percent 
gametocyte  index.  Of  407  positive  blood  smears,  /'.  falciparum  was  identified 
in  388,  P.  malariae  in  26,  and  P.  viva*  in  6.  Twelve  Mood  smears  showed 
mixed  infections. 

Liberia 

Liberia  is  a  country  where  malaria  reaches  hyperendemic  proportions. 
Parasite  surveys  ’*  included  individuals  living  on  or  near  the  Firestone  Rnbher 
Plantation,  where  control  measures  had  been  in  effect  ( tables  37  and  38) . 

Parasite  surreys  were  made  in  IMS  in  villages  near  troop  installations,  “ 
and,  of  blood  smears  studied,  60  percent  showed  P.  falciparum  :  Si  per* 
cent,  P-  malmrime ;  and  2  percent,  P.  new.  Similar  examinations  made  in 
August  1868  revealed  131  out  of  087  smears,  or  23  percent,  positive  for  malaria 
parasites. 


»»i,.r».  MaJ.  Alra  J.  nqri  MC,  AaM  Matartotactrt.  VSAnMK,  to  CiaaiaSu  OrwnL 
OTUmta,  Can*,  hn*.  attoatlaa  :  Tto  CMrf  Mtrpw.  *  X**.  ISM,  <a>M :  Basal  a*  Malaria 
Caatrai  Artlrlttr*  at  C.S.  Aral 7  laataUatlaaa  la  Wrat  Afrtra.  1MI-1S44.  Part  IV,  Prr*rfc  Wrat  Afrtra. 

"(It  Sartor.  M.  i,  Ulr*.  J.  S..  ill  Srawa.  J.  Y. :  Malaria  StaaSr*  «a  tto  Flrrrtrar  Ratoar 
Plaataltoa  la  IJtorU.  Waat  Afrtra  Aar.  J.  H rt-  U:  SHI-Ssa.  M17  lass  (J)  MrUtral  art  >a altar, 
Data  <m  litorto.  <‘«a|4M  to  MrMral  latHllsrsr*  HraaHi.  I*r*tr»tlTr  MrtMrtto  ISrlatoa.  iMtor  rt 
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Table  37.-  -Malaria  pamailt  inilrr.  I.ibrria ,  IH.il 


a*  groups 

NuraNrcum 

IVrwnt  pwllivs 

inrd 

3  to  4  iiioiilhx. 

4  i 

50 

5  to  1 1  mont  li* 

-i 

3 ; 

100 

1  to  4  year*.. 

-! 

33  i 

•17 

5  to  8  yearn _ 

. 

:hi 

04 

0  to  12  yearn. 

i 

in  | 

INI 

13  to  15  yearn _ 

-l 

1«  1 

88 

16  year*  »tid  over. 

\ 

070  1 

75 

All  agen. .. 

i 

j 

811  i 

78 

Table  38. — Malaria  pa  r  aril  r  iarlrx,  I.ibrria,  lhil 

Ac*  trout* 

Number 

sumlinl 

Pmvnl 

Infanta. .  .  .  .  . . 

c 

83 

Children 

35 

71 

Adulta. .  . .  . . . 

- 

380  | 

:vt 

All  age*.  . 

- 

421  | 

38 

In  accordance  with  the  usual  findings  in  hyperendemic  areas,11  a  high 
proportion  of  the  infanta  (83  percent)  and  childnn  (71  percent)  were  found 
infected,  the  adults  having  a  materially  lower  parasite  rate  (34  percent).  Simi¬ 
lar  relationships  were  observed  between  gametocyte  prevalence  and  age.  The 
infants  showed  a  much  higher  prevalence  (50  percent)  than  children  (3  per¬ 
cent)  or  adults  (1  percent).  Numerous  other  surveys  substantiated  these 
findings. 11 

British  West  Africa 

The  Gold  Coast  is  also  subject  to  hyperendemic  malaria.  Surveys  of  chil¬ 
dren  in  the  region  have  shown  about  two-thirds  of  them  to  be  infected  with 
P.  fsMptmm  and  to  have  gametocyte  rates  exceeding  15  percent. M 

The  annual  malaria  rate  for  European  personnel  of  the  British  Army  in 
the  Accra  District  in  the  period  from  1  September  1941  to  31  August  1943 


» SiHft  MaJ.  JMda  N.  AaSrm,  B*C  ta  CMrf  n-*Hk  oarer.  >  Jaftf  1*43.  ■«4Jn-l :  Malaria 
lawUsaM— *  aa4  linaanWkw  far  Malaria  Cnatnt  at  Salirta  IVM  Ana. 

“Aaaaal  Malaria  Ua*art.  1*44.  (Et*ort  at  Malaria  I'aitnl  at  C.S.  Anar  laxtallallaar  ia  Writ 
Africa,  1*41-1*44.  Part  111:  l.Ui rla.  Wrai  Africa.  tlcaSaaaricTa.  Mrilnl  Cwnponltr  l  ain  (Malaria 
Sarrrr  u4  CMtral  Call.).  IS  Ju.  IMS.  I 

“Sent,  MaJ.  HUm  Parrril.  MC.  to  tfer  CaatanaSlaa  General,  CSAFIMR,  Cain,  Emt 
afUattia :  TV  ckVf  Saraw.  1  Mar.  1*44,  hIJri  :  gcpart  at  Malaria  Caatral  at  U.S.  Anar  laauSa- 
Uaaa  la  Waat  Africa.  1*41-1*44.  Part  11.  OaM  Caaat  BritMl  Wwt  Africa. 
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was  102.6.”  From  50  to  75  |>ercent  of  the  children  from  *2  to  10  years  of 
age  in  the  district  villages  had  enlarged  spleens.  Children  under  5  years  of  age 
invariably  were  found  to  have  gnmetocy  te  rates  of  IK)  percent  or  more. 

Egypt 

During  the  period  from  August  to  December  19;Mi,  a  survey  was  made 
of  three  general  ureas  in  Egypt :  '*  The  valley  of  the  Nile,  including  Fayum; 
the  Oasis  of  Siwa  in  the  Western  Desert  :  and  the  Suez  Canal  Zone.  Malaria 
was  found  to  be  widespread  in  the  Nile  Valley:  no  locality  of  Lower  Egypt 
proved  to  be  malaria  free.  Both  the  |mrasite  rates  and  the  percentage  of  en¬ 
larged  spleens  were  low  in  many  places,  but  in  villages  near  rice  plantations 
or  lnige  bodies  of  fresh  wuter  they  were  usually  high.  High  parasite  and 
spleen  indices  were  found  in  the  SiwH  Oasis  and  in  the  Suez  Canal  Zone. 
/*.  virtue  predominated  in  the  majority  of  localities,  but  /’.  falciparum  occurred 
in  nearly  all  |  tarts  of  the  territory.  /’.  viola  rim  was  not  found  in  tlie  Nile 
Valley  and  was  rare  in  other  Egyptian  areas.  Tlie  spleen  index  was  generally 
lower  than  tlie  parasite  index.  The  villages  in  Lower  Egypt  (the  Delta,  be¬ 
tween  Cairo  and  the  Mediterranean)  lmd  an  average  |inra.site  index  of  7.2. 
The  average  {tarasite  index  of  all  examinations  was  21.1  percent— an  index 
probably  too  high  to  be  representative  of  the  wlmle  valley. 

Palestine 

General  surveys  throughout  various  portions  of  tlie  country  obtained 
the  following  figures: 11  Among  Jews,  the  Plasmodium  index  was  4.5  percent 
and  the  enlarged  spleen  index,  20.1  percent;  among  Arabs,  the  Plasmodium 
index  was  125  percent  and  the  enlarged  spleen  index,  62-5  percent;  among 
Bedouins,  the  Plasmodium  index  was  322J  percent  and  the  enlarged  spleen 
index,  58.8  percent.  In  Palestine,  surveys  made  between  1922  and  1924  showed 
the  relative  frequency  of  various  types  of  malaria  to  be :  /’.  virtue,  59.13  per¬ 
cent;  /*.  falciparum,  29.30  percent ;  and  P.  molarioe,  1.37  percent.  In  epidemic 
periods,  however,  as  for  instance  in  192*2,  the  findings  were:  /’.  virtue,  58.6 
percent;  P.  falciparum,  40.3  percent;  and  P.  malaria t,  1.1  percent. 

Iran 

In  Iran, "  blood  surrey*  in  1934  showed  from  10  to  25  percent  of  the  popu¬ 
lation  to  be  harboring  malaria  parasite*.  Examination  of  5^)00  patients  dur¬ 
ing  a  5-month  period  (from  the  middle  of  May  to  the  middle  of  November) 

*  Ims,  Mai.  0. 1.  S.  HmOhM,  leAiaa  MnNral  Barrier,  te  Brie  Ore.  Jian  ».  Weewr,  MC. 
Merer.  Prmattrr  MUfcle  MtMm.  OOrr  at  ibr  Barer  aa  Qrcrral.  I  Dm.  IMS,  rtlitt :  Saaaauirr 
mt  Breart  aa  Malaria  la  He  Arm  HMrlrl. 

■  Baiter.  M.  A-  aa*  Bier.  I.  B. :  Serrrr  at  Malaria  la  Beret.  An.  J.  Tree.  MrS.  IT:  4IS-4ML 
Mar  1MT. 

11 XI lew.  laran  J. :  EHfceMuy  «ad  Ceatrai  ot  Malaria  la  PalraUar.  Ckieefe :  TW  Ualrmltj 
at  CMeaea  Proa.  ISM. 
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disclosed  48  iiercent  as  having  had  innlarin,  75  percent  of  which  was  caused 
by  P.  rirnae,  20  jiereeut  by  P.  mulariae,  and  5  percent  by  P.  fahi/mnim.  Sur¬ 
veys  made  while  American  troops  were  present  showed  the  proportions  of  tlie 
various  kinds  of  malarial  infection  us  follows:  P.  dear,  80  percent:  P.  falci¬ 
parum ,  14  percent;  P.  m< tin  due.  mixed,  and  unclassified  infections,  6  percent. 
No  surveys  were  permitted  in  Acerbnijun  and  Ciispinii  ureas  of  nortlieni  Iran 
which  were  under  Russian  contral. 


VECTORS 

In  the  Africa-Middle  East  urea,  at  least  75  species  of  Anopheles  have  lieen 
recognized.  Some  of  these  are  rare,  nnd  many  do  not  transmit  malaria.  Hie 
malaria  vectors  have  received  considerable  study,  and  a  wealth  of  information 
about  them  has  been  published.  The  following  species  of  Anopheles  are  be¬ 
lieved  to  be  of  importance  in  the  transmission  of  malaria  in  Africa-Middle  East 
areas  occupied  by  American  troops : 

Anopheles  elaviger  bifurcatus  Meigeu  1904  is  found  in  Euroiw,  northern 
Africa,  Asia  Minor,  and  Turkestan.  Larvae  breed  in  marshes,  rock  pools,  wells, 
and  cisterns.  In  Palestine,  this  species  commonly  enters  houses  and  bites 
humans  freely.  Elsewhere,  it  rarely  enters  houses  or  feeds  on  man.  It  is  tlie 
most  important  urban  vector  of  malaria  in  Palestine  and  Syria  but  is  not  con- 
aidered  important  in  other  areas. 

Anopheles  fonts  tut  Giles  1900  is  widely  distributed  throughout  tropical 
and  South  Africa,  occurs  as  far  north  as  Abyssinia,  and  is  found  on  Madagascar 
and  Mauritius. 

A.  funestus  usually  breeds  in  large  or  fairly  permanent  bodies  of  clear 
water,  such  as  swamps,  weedy  banks  of  streams,  rivers,  ditches,  protected  lake 
shores,  or  long-standing  seepages.  Some  shade  is  usually  preferred,  but  not 
deep  forest  shads.  As  the  breeding  places  of  A.  funestus  are  often  more  per¬ 
manent  than  thoaeof  .4.  gombioe,  the  former  tends  to  be  associated  with  endemic 
rather  than  epidemic  malaria. 

The  adults  readily  enter  houses  in  large  numbers  where  they  feed  on  human 
blood.  Work  in  Kenya  has  revealed  that  40-8  percent  of  the  blood  meals  ex¬ 
amined  were  positive  for  human  blood  and  that  over  68  percent  of  those  show¬ 
ing  say  definite  reaction  reacted  only  to  human  blood.  Preference  for  the  blood 
of  Africans  was  suggested  by  the  results  of  some  experiments.  Other  work  has 
shown  that  A.  funestus  is  attracted  mors  strongly  to  a  human  sleeping  in  a  con¬ 
fined  space  than  in  the  open.  In  all-night  catches,  it  wss  found  that  the  greatest 
number  of  females  entered  quarters  at  about  2300.  Although  A.  funestus 
adults  may  be  taken  as  far  as  4J/j  miles  from  the  nearest  breeding  place,  80  per¬ 
cent  are  found  within  a  ^4-mile  radius  of  this  site. 
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A.  funestwi  is  an  important  vector  of  malaria,  although  often  secondary  to 
A.  gambiae,  where  both  occur.  Tlie  following  natural  infectivity  rates  repre¬ 
sent  the  percentage  positive  for  sporozoites  in  the  salivary  glands:  Sierra 
Leone:  Kissy, 4.1  percent;  Liberia:  Firestone  Plantation,  1.9  |>ercent;  Nigeria: 
Gadau,  3.8  percent ;  Ibadan,  6.9  jiercent ;  Inigos  and  vicinity,  12.8  percent ;  and 
Belgian  Congo:  Stanleyville.  4.2  percent.  Mnny  areas  in  East  nnd  South 
Africa  show  rates  which  vary  from  0.2  to  27  percent. 

Anopheles  gambiae  Giles  1902  is  found  throughout  tropical  Africa  and  in 
South  Africa  except  in  the  desert  regions  and  high  mountains;  it  is  also  found 
in  Arabia,  Madagascar,  Reunion,  and  Mauritius.  It  has  invaded  and  has  lieen 
driven  out  of  Egypt  and  Brazil. 

A.  gambiae  larvae  are  found  in  puddles,  shallow  ponds,  Itorrow  pits,  hoof- 
prints,  and  ditches  in  sun  or  light  shade. 

A.  gambiae  feeds  mainly  on  human  blood,  and  enters  dwellings  in  large 
numbers  in  most  regions  wliere  it  is  prevalent.  In  some  towns,  it  is  the  only 
domestic  Anopheles,  and.  in  innny  ureas,  it  may  represent  95  ]iervent  of  tlie 
domestic  Anopheles  population.  In  regions  where  .1.  fnnextu*  is  also  common, 
the  two  species  togetlier  usually  constitute  90  |>erceiit  or  more  of  this  population. 

Much  research  work  on  A.  gambiae  indicates  a  strong  preference  of  resting 
females  for  inhabited  dwellings.  However,  appreciable  numbers  may  enter 
houses  unsuitable  as  resting  places,  in  order  to  feed  and  then  leave.  Observa¬ 
tions  in  Kenya  determined  that  this  species  had  an  anthropophilic  index  of 
78  percent.  At  Lagos,  82  percent  gave  ]>naitive  reactions  for  human  blood  even 
in  examinations  made  of  siwcintens  caught  in  buildings  in  which  both  cattle 
and  humans  were  sheltered.  It  has  been  found  that  where  the  species  is  abun¬ 
dant  it  frequently  feeds  in  the  early  hours  of  the  evening.  At  Lagos,  all-night 
catches  showed  that  while  biting  took  place  from  sunset  until  sunrise,  the  peak 
of  biting  activities  occurred  Iwtween  0200  and  0400.  This  species  has  been 
found  biting  freely  out  of  doors  during  the  time  of  activity.  Adult  dispersal 
of  at  least  one-half  a  mile  is  common,  and  at  t  imes  individuals  have  been  found 
as  far  as  3  miles  from  their  breeding  place. 

A.  gambiae  and  A.  /wwilw  are  the  two  most  important  malaria  vectors  in 
the  Ethiopian  region.  (Both  are  also  important  vectors  of  filariasia.)  The 
following  records  show  natural  infectivity  rates  for  this  species  and  represent 
the  percentage  positive  for  Plasmodium  sporoaoites  in  the  salivary  glands: 
Sierra  Leone:  Freetown,  8  percent;  Kissy,  11.2  percent;  Liberia:  Firestone 
Plantation,  SJi  percent;  Nigeria :  from  7.4  to  9.6  percent:  Yalta,  4.6  percent; 
Lagos  and  vicinity,  6.6  percent :  Ibadan,  13.1  percent ;  and  central  and  east 
Africa,  various  stations,  0.7  to  11A  percent. 

Anopheles  gambiae  melas  Theobald  1901  is  found  breeding  in  brackish 
water  along  the  littoral  of  Sierra  Leone  and  the  Gold  Coast  in  tidal  swamps 
and  coastal  streams.  AdultB  are  ltowe  haunting  and  take  human  blood  freely. 
Melos  is  an  important  vector  in  some  localities. 
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Anipheles  hancocki  Edwards  1029  is  found  in  parts  of  west  and  central 
Africa,  from  Sierra  Leone  to  Ugnmln  and  soutliwnnl  to  Angola. 

Tlie  adults  of  tliis  sfiecies  are  commonly  found  in  liuiiiun  habitations,  par¬ 
ticularly  in  Liberia  awl  Uganda.  Near  Freetown,  tliey  have  been  taken  in 
outdoor  biting  ex|ierinieuts,  with  local  boys  as  bait.  The  larvae  are  found  in 
clear  water  in  grassy  holes,  wells,  streams,  and  swamps  in  sunny  places. 

This  species  is  an  ini]iortant  malaria  vector  wherever  prevalent.  A  con¬ 
siderable  number  of  dissections  in  Uganda  revealed  an  average  monthly  infec¬ 
tion  rate  of  11.4  jicrceiit  mid  an  average  sporozoite  rate  of  2.7  jieivwit.  Tlie 
monthly  sporozoite  rate  fluctuated  from  zero  to  a  maximum  of  7  percent.  In 
Ltla-ria,  this  species  is  still  snspeWed  on  epidemiologic  grounds,  ultliougli  no 
positive  findings  were  ol Ruined  in  a  small  minilier  of  dissections. 

Anophele *  hitnjreaeesi  Evans  1027  is  found  in  Liberia,  Sierra  Leone, 
Qohl  Coast,  soutlteni  Nigeria  and  northern  Belgian  Congo. 

Adults  are  common  in  huts  in  Nigeria.  Females  were  attracted  in  large 
numbers  to  human  bait  during  night  experiments  at  Lagos.  Tlie  peak  of 
activity  is  midnight  or  later.  Larvae  are  found  in  shady  places  of  swamps  and 
stream  margins  in  o|ien  jungle. 

This  is  an  important  malaria  vector  ill  certain  areas  of  west  Africa  where 
it  is  common.  In  soutliern  Nigeria,  a  sporozoite  rate  of  5.4  percent  has  been 
found. 

Anopheles  iruntcheti  movcheti  Evans  1025  is  found  in  tlie  Helgian  Congo, 
Uganda,  and  Cameroons. 

In  localities  where  this  s|iecies  is  prevalent,  females  have  been  found  in¬ 
doors  in  considerable  numbers.  Larvae  are  found  among  vegetation  of  pooh, 
streams,  awl  swamps  in  sun  to  light  shade. 

This  species,  where  common,  has  considerable  importance  as  a  vector 
of  malaria.  The  total  infection  rate  averages  8.3  percent,  with  the  sporoaoite 
rate  fluctuating  between  1.6  and  4.1  percent.  Near  Stanleyville,  an  oocyst  and 
Bporoaoite  rate  of  4.5  percent  has  been  found  among  females  collected  from 
huts. 

Anopheles  numeheli  nigeriensis  Evans  1931  is  found  only  in  southern 
Nigeria.  Adults  were  found  in  considerable  numbers  in  huts  in  villages  near 
Lagos.  Larvae  are  found  in  clear,  sunny  water  in  swamps. 

This  form  is  of  importance  wherever  it  is  courunon.  A  sporaaoite  rate 
of  1.1  percent  was  found  among  females  taken  in  huts  near  Lagos. 

Anopheles  multicolor  Cambouliu  1902  is  a  desert  species  found  in  North 
Africa,  Egypt,  Sudan,  Palest  ine,  eastern  Iran,  and  Baluchistan. 

The  adults  of  this  species  may  disperse,  with  prevailing  winds,  as  far  as 
8  miles  and  readily  enter  houses  to  bite  humans.  Larvae  air  found  in  pooh, 
flowing  or  stagnaut  drains,  and  shallow  wells,  and  tolerate  desert  salinity  up 
to  5.06  percent. 

This  species  is  considered  on  epidemiologic  grounds  to  be  a  vector  of 

malaria. 
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Anopkelei  nili  Theohold  1004  is  widely  distributed  th rout'll  west  and 
central  Africa  and  extends  into  British  East  Af  l  icit. 

Adults  are  rare  in  houses  lull  have  lieen  found  in  In  rye  iiiiiiiliers  in  lints 
and  cam|te  in  limited  ureas,  lair  vac  are  found  in  shade  11  ninny  vegelutinn  alony 
stream  edges. 

Where  prevalent  in  dwellings  this  s|as-ies  may  la*  an  iiii|mrtaiil  vector. 
Dissections  hare  been  made  with  negative  findings  in  some  amis,  bill  wlien 
positive  tlie  rates  were  usually  high.  Kepresentative  findings  are:  In  villages 
in  Stanleyville  District,  oocyst  rate  10  |iervent  nnd  sporozoite  rate  5.3  |iercent: 
cani|is  on  rubber  plantation.  Liberia,  oocyst  rate  14.0  |>erceiit  ami  s|N>rozoite 
rate  0.8  percent;  houses  near  Freetown,  ooryst  rate  18.2  |a>neiit  and  sporozoite 
rate  0.1  percent. 

Anopkelc *  pharoen*i*  Tlienbnld  1001  is  widespread  throughout  tropical 
Afrk-a  and  is  also  found  in  Egypt  and  Palestine. 

In  certain  localities  where  this  species  is  prevalent,  tlie  adults  may  enter 
houses  and  tents  in  appreciable  numbers.  It  is  described  as  a  domestic  s|a*cies 
in  Egypt.  In  other  areas,  tlie  number  of  females  ca|>tuml  indoors  is  Telntively 
small  in  com|Mrison  with  those  of  the  otlier  important  vectors.  Although 
A.  pkarocmU  feeds  teadily  on  man,  the  mulls  of  precipitin  tests  reveal  a 
■narked  preference  for  cattle  blood.  Larvae  are  found  in  sw»ni|w  and  rice- 
fields. 

Much  evidence  has  been  accumulated  to  indicate  that  .1.  pharoenni*  is  an 
eMcient  vector  of  malaria.  Many  individuals  have  been  found  naturally  in¬ 
fected  in  nature,  with  oocysts  ami  a  few  with  sporaaoite*.  Tlie  s|ieciea  lias 
been  infected  experimentally  with  both  /'.  falciparum  ami  /*.  rirasr.  In  the 
Nile  Delta,  distribution  of  the  species  correlates  closely  with  tliat  of  malaria 
prevalence.  It  is  believed  to  be  one  of  the  chief  vectors  in  the  Upper  Nile 
Province.  In  most  parts  of  Africa,  it  appears  to  be  of  less  importance  than 
A.  pambime  and  A.  However,  spornuoite  rates  np  to  6  permit  have 

been  found.  In  southern  Nigeria,  a  malaria  positive  rate  of  lA  percent  ami 
aporaaoite  rata  of  0.T  percent  were  encountered ;  while  in  Egypt,  ooryst s  rates 
of  *V7  percent  to  1QA  percent  and  a  sporoaoite  rate  of  (W  percent  were  found. 

AaapMct  pretorienaU  Theobald  1908  is  found  in  parte  of  West  and  Cen¬ 
tral  Africa. 

Adults  in  aome  areas  frequent  bourns  while  in  others  outside  resting  place* 
are  preferred.  Larvae  am  found  in  rock  pools,  hoofprints,  and  semistagwant 
pools  in  streams  and  dkefcm. 

Although  1.T  psavent  of  oao  series  were  found  to  be  oM orally  infected,  k 
is  doubtful  whether  this  species  ie  of  much  importance  os  a  malaria  vector." 

Ampk* Im  pmlchcrrimmt  Theobald  1903  is  a  dominant  species  in  regions  of 
the  lower  Persian  Gulf  area  and  is  also  found  in  Pakistan  and  central  Asia. 

Scam  obeenera  have  found  it  to  be  a  bold  feeder,  often  taken  in  bourne. 
It  ie  a  at  rang  flier  and  may  be  curried  long  distances  by  the  wind.  In  some 
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areas,  it  lias  been  found  naturally  infected,  lmt  usually  it  is  not  an  important 
vector. 

Anophele*  muherovi  ( flutu* )  Favre  1903  is  chiefly  a  Kuro|>ean  and  north¬ 
ern  Asiatic  sjieciea  but  it  is  of  importance  ns  a  vector  in  portions  of  tlie  Levant 
and  Persian  (iulf. 

Sarharovl  is  an  indiscriminate  feeder  on  l>otli  nmn  and  domestic  animals. 
Adults  enter  human  habitations  to  feed.  Observations  in  Palestine  indicate 
that  there  it  shows  house  preference.  Its  flight  range  is  from  V/%  miles  to  more 
than  l'j  miles.  larvae  are  found  in  open  inland  marshes  and  also  in  brackish 
waters. 

This  species  is  considered  to  be  an  im|xirtant  vector  in  the  Balkans,  Pales¬ 
tine,  and  Iran.  An  infective  rate  of  1.2  percent  has  been  found  in  Palestine. 

Anopheh *  eergtnti  Theobald  1907  is  found  through  Northern  Africa, 
Egypt,  and  Palestine.  Larvae  are  found  in  rioefields,  irrigation  channels, 
borrow  pits,  river  edges,  and  seepages.  Adults  feed  indoors  or  outdoors  but 
do  not  rest  inside  houses  in  Palestine,  preferring  rocky  caves. 

This  species  is  a  vector  in  Egypt  and  especially  in  Palestine. 

Anophelet  »te  phene*  etephenei  Listor  1901  is  found  in  the  Persian  Gulf 
am,  Iraq,  Iran,  Pakistan,  and  India.  larvae  are  found  in  wells,  cisterns, 
flowerpots,  and  roof  gutters.  Adults  are  thoroughly  domestic,  feeding  readily 
on  man. 

Stephen**  etephenei  is  an  important  vector  in  certain  urban  areas  and  is 
responsible  for  much  of  the  malaria  in  soutltem  Iraq  and  Iran. 

Anophetee  euperpietue  Grasei  1899  is  widely  distributed  in  Southern 
Europe  and  Asia  Minor  and  is  found  eastward  to  northwestern  India.  Larvae 
are  found  in  fmh-water  pooh,  streams,  and  seepages,  especially  in  hilly  areas. 
Adults  readily  enter  and  rest  in  hoots,  taking  human  blood  freely. 

This  species  u  a  vector  in  Southern  Europe,  Mesopotamia,  Iraq,  Iran,  and 
Bulwrhistsn 

MALARIA  EXPERIENCE 

Chart  9  and  table  39  show  the  malaria  rates  from  1949  through  1945  for 
tbs  Africa-Middle  East  area.  Table  39  also  shows  the  rates  for  fever  of 
uudstsrminsd  origin  for  the  sum  period.  The  overall  picture  shows  the 
general  effect  of  various  methods  of  eurirowmeutal  control  and  suppressive 
medication  Moreover,  it  illustrates  to  soma  extent  the  maannal  distribution 
af  malaria  in  them  areas.  Owing  to  diverse  conditions,  further  conclusions 
an  not  warranted. 

TaMe  40  and  chart  10  show  the  malaria  rates  in  forces  stationed  in  went 
and  central  Africa  during  portions  of  1949  and  1943.  In  addition,  table 
40  shows  the  ratee  for  fever  of  undetermined  origin  among  these  forces  for 
the  some  period.  In  some  of  this  region,  suppressive  uwdication  was  used 
to  supplement  physical  control  measures. 
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Ch  ait  l). — Attack  rale I  for  malaria  am  oaf  V.S.  A  rm  n  pcraoaacl,  Africa-ilitliilc  Kail  ana* 

[Preliminary  data  from  atatlatknl  health  reports] 

[Rate  expreaeed  aa  aamber  of  eaaee  per  annum  per  1,000  a  Tenure  atrenffth] 


a 


Earth  Afrteaa  am  af  the  IMHa 
la  the  iMea-HHha  Rant  thaaler. 
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Ciiabt  10. — Atlark  rah  a  fur  malaria  among  U.8.  Armg  pirtonml  in  A/rira  '  ami  the  Mithile 
/;«»/.*  Jane  JUfJ-Aagatt  19 J.I 

(Vrrllnilury  ilata  fmm  statistical  health  reports) 

I  Rite  eipreeerd  li  number  of  hwh  per  ima  per  1,000  avenge  strength  | 
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Tablk  'Ml.  Attack  rate*  for  malaria  and  frrer  of  umtchrmiunl  or i yin,  among  ( \S,  Army 
pir*onml,  Africa-  MuhiU-  Kant  ««'«,*  /■'*.£  „'  J  < 

(I’rellminary  dal*  from  Mutlulleul  health  rv|torts] 

!H*tee\|*r»^nr<l  a*  number  i»f  run**  |n>r  immmi  per  I.IMbi  average  "In'nplhl 
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1  lariodro  all  of  Africa  and  the  Middle  Kari  except  North  African  area  of  I  hr  .Mediterranean  theater,  until  Maret 
HM5  when  this  area  »m  Incorporated  In  the  Africa- Middle  KmI  theater. 

>  The  proportion  of  then*  Scorr*  which  actually  ivpnorati  Malaria  cannot  be  determined. 

*  I >«*«  are  not  available. 


Tajik  40.-  Ahmet  rate*  for  malaria  anti  freer  of  nntirtrr mim+H  origin,  among  f  \S.  Army 

per  mom  met  in  Africa ,* 
llYHImlnary  dal*  tram  rtaHettroI  health  report*} 
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maria,  and  Central  Alrtm  hat  not  North  Attorn  theater 
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Delta.  Uvut,  Kritrea.  and  Libyan  Krrvhv  Command*. 

i  The  prapnriUo  of  them  Ipm  n-hirh  artaafty  rrpwoti  andaria  manat  he  determined. 
MfeUaranat  araflafei. 
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Tlie  Lilieriuli  Force  wins  given  suppressive  medication  from  liefore  binding 
until  October  anil  November  1942.  Then  in  lute  I  Jvceinlter,  nfter  u  great 
increase  of  the  disease,  suppressive  treatment  was  reinstilnted  and  continued 
until  late  February  1943,  when  it  was  again  stopped.  In  dune,  this  force  was 
again  placed  on  suppressive  medication.  At  least  in  the  Accra  district,  sup¬ 
pressive  medication  was  in  force  from  December  1942  through  March  1943. 
The  U.S.  Army  Forces  in  central  Africa  were  placed  on  suppressive  medication 
in  November  1942.  It  seems  prolmhle  that  other  areas  were  similarly  t rented, 
but  definite  information  other  than  that  summarized  in  the  section  on  snp- 
preasive  medication  is  not  available. 

Comparable  rates,  for  the  same  period,  in  the  Middle  Kant  are  shown  in 
table  41  and  chart  10.  Whether  suppressive  medication  was  used  to  supple¬ 
ment  other  control  measures  is  not  known.  Tlte  figures  may  represent  simply 
the  incidence  as  influenced  by  phj’sical  control  measures. 


Table  41. — Attack  rolci  for  malaria  mad  ferrr  of  undHrrminrH  origin,  among  U.S.  Arm* 
prreonnel  in  Middle  Hurt ,«  I94M-43 
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iMiMMimhMi. 

Tables  48  and  43  riww  malaria  rates  in  rations  anas  in  Wait  Africa, 
for  varying  lengths  of  tune  in  the  period  1»42  through  1944.  Whether  aop- 
prsesire  medication  was  authoriaed  in  other  than  the  Accra  district  of  the 
Gold  Coaat  and  those  parts  administered  by  UA  Army  Forces  in  central 
Africa  is  not  known.  In  certain  of  theee  areas,  all  physical  control  measures 
were  the  responsibility  of  oar  Allien,  while  in  others,  American  forces  supple- 
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Taki.k  -12. — .  1  thick  rates  fur  miliaria  nmuny  V.S.  Army  Inm/ix,  french  UV*I  Africa,  January 

l!t  i-i  lii  rrruln  r 
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Enrld.  nnmtlMi!  Tin  IkM  M|M,  4  Mm.  UK,  Mh|M;  R  port  of  Vlibrl*  Control  Artlvltlmat  V.d.  Army  InnalM- 
tlMMln  Wm  .Uric*.  IMI-IM4.  1‘urt  IV.  French  »'«  A.Srtri. 

•  Alrlner  amrtd  Ana  KnOxjue  to  YaS  fwlwili,  II  May  1*44. 

Table  42.  Attack  rules  for  malaria  amaay  C.S.  Army  Inapt,  in  the  Grid  Court  and  .Viyrrtn, 
British  H'ral  Africa,  Janaary  infS-Dcnmhtr  l!>H 
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G«M  Caart,  RrttMi  Wart  A  Met. 
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minted  or  took  over  these  o|>erutions.  These  stations  were  in  some  of  the 
chissie  malarious  areas  of  the  world,  and  a  large  jicivvntuge  of  the  troops 
contracted  the  disease  at  some  time  during  their  stay. 

(’hart  11  and  tables  44  and  45,  re»|»ect ively,  show  the  nmlnriu  rate  for  1044 
and  1945  in  the  Middle  East,  excluding  Persian  (iulf  (  oniiiiuiid.  and  in  the  Per¬ 
sian  Gulf  Command :  in  addition,  the  tables  also  show  the  fever  of  undetermined 
origin  rate  for  the  same,  period.  These  figures  indicate  the  total  effect  of 
the  various  control  measures  used.  It  should  be  noted  that  rates  in  the  Persian 
Gulf  area  at  the  beginning  of  the  period  were  appreciably  lower  than  in 
Africa.  Xo  further  conclusions  from  these  figures  are  warranted. 

Coast  11.— Attack  rale i  /or  malaria  among  U.8.  Army  prrtonael  in  the  Africa-Middle 
Kati  area  {e  relating  Fenian  tie//  Command)  and  in  the  Feraian  flalj  Command,  79|  J— 45 
[  Preliminary  data  froat  lUtbtlcal  bftlth  r*|*ort«J 
[Rate  eapreneei!  as  number  of  raws  per  aanam  per  1,000  averts*  ntrenfflh  I 
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Chart  12  and  table  46  show  the  malaria  rate  from  1942  through  1945, 
in  Liberia. 

For  2  weeks  before  the  arrival  of  the  first  task  forte  in  Liberia  in  late 
June  and  July  1942  and  until  late  October  or  early  November,  personnel  were 
under  quinine  suppressive  medication.  At  the  time  they  landed,  hed  nets  were 
not  available  for  all  personnel  and  many  infections  undoulaedly  occurred.  It 
is  believed  that  tlte  figures  from  October  on  show  the  result  of  activated  latent 
malaria.  From  late  December  1942  through  February  1!>43,  all  troops  were 
on  Atahrine  suppression.  After  10  March  1943,  no  prophylactic  treatment 
was  administered,  and  at  this  time  the  second  task  fon«  arrived.  Kales  rose 
rapidly,  and  on  21  June  1943,  Atahrine  suppressive  medication  was  reintro- 

(  hut  12. — Allmck  rmlft  for  mat mrim  omanf  V.H.  Army  pmoonrl  in  Llkerlm, 

(Kate  mrawi  at  ■■Mtranan  prt  aaaaai  per  1.00*  «m>r  >tmnttk  1 

an 
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Ta«li  44. — Attack  rate*  Jar  malaria  and  ferer  of  undetermined  origin,  among  f\.N.  Army 
per*onn<  I,  Afnra- Midifir  En*t  area,  *  January  December  lUJ^n 
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•  The  proportion  o#  them  lt|WH  whtrh  artiMlIy  irptwruti  mkrla  cannot  he  ifc  trrnilnnl. 


Taulk  45.  Attack  rate*  far  malanm  and  ferer  of  undetermined  mtyim,  a  many  t  'JS.  Army 
per  Mm  nr lt  I’erairnm  Guff  Command,  January  11)^- December  iUJj5 
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dumb  This  was  discontinued  early  in  I! >4 4.  but  nfier  4  intniilis  (-J4  July  1044 ) . 
all  troo|»  were  uguin  placed  on  suppressive  medical  ion.  This  ]xdicy  continued 
ihnmgh  the  remainder  of  l  lint  year  and  nil  of  11U.4.  Ii  is  not  known  definitely, 
but  it  is  believed  lliat  this  treatment  continued  moil  (lie  inva  was  dually 
evacuated.  In  June  and  July  1S44:>,  over  one-quarter  of  the  force  had  malaria. 
The  duel  nations  in  the  rates  apparently  eonelale  with  seasonal  prevalence. 
e.\|msiire  factors,  arrival  of  new  personnel,  effectiveness  of  physical  control 
measures,  and  the  achieving  of  various  derives  of  suppression  by  the  admin¬ 
istration  of  tiiiliinalarinl  drugs. 
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Snrit:  A  ■■Will  Keiwt,  ffth  MalufU  Control  Hrhtrhmral,  IIU. 

Statistics,  making  it  possible  to  contrast  experience  in  various  areas  or 
types  of  troops,  other  than  those  given  are  not  available.  Considerable  de¬ 
tailed  informal  ion  on  t  lie  Liberian  Force  is  on  tile  but  other  comparable  records 
are  not  at  luand.  Some  reports  have  given  figures  to  illustrate  malaria  inci¬ 
dence  at  particular  points  and  times  but  how  them  figures  were  comp i ini  and 
their  degree  of  accuracy  is  not  known. 

Although  excessive  prevalence  of  malaria  was  noted  in  several  arms,  the 
disease  responded  to  control  and  preventive  measures.  In  some  areas  when 
troops  wen  released  from  suppressive  medication,  rates  rose  alarmingly,  hut 
when  this  medication  was  reintroduced  reductions  were  quickly  evident.  In 
all  cases  when  incidence  was  exceptionally  high,  troops  had  either  recently 
arrived  in  hyperendemic  areas  or  been  released  from  suppressive  medication. 

The  malaria  rate  among  local  population  in  tlie  controlled  area  allowed 
some  response  to  control  activities.  Representative  (hidings  are  given  in  the 
section  on  surveys.  No  information  concerning  prisoners  of  war  is  available. 
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ANTIMALARIA  ORGANIZATION 

From  available  information,  it  would  seem  that  the  imtiiiiiiiiii'in  niginiizn- 
tion  whs  not  strongly  centralized.  For  example,  it  is  not.  easy  to  ascertain  the 
degree  of  interrelationship  liet  ween  such  areas  as  the  Persian  Gulf  Command 
and  the  I’.S.  Army  Forces  in  Lilieriu,  lxrfli  of  which  were  at  times  imle|>endent 
commands.  There  was  n  central  snjiervisory  administration,  Imt  considerable 
freedom  of  action  was  allowed  to  the  various  commands. 

During  the  first  months  of  the  war  in  this  region  it  would  seem  that  each 
command  approached  the  problem  without  reference  to  other  heinl(|mirters. 
This  divided  authority  clearly  interfered  with  malaria  control  and  discipline. 
After  a  study  of  the  problems,  in  Novemlier  l'.tf.'l,  by  several  ollicers  from  the 
Surgeon  General's  Office  and  by  the  Mediral  lus|>ector,  USAF1AIK,  the  or¬ 
ganization  was  overhauled  and  resjsnisibility  was  assumed  by  the  theater. 
At  tlie  close  of  1!43,  the  Alts  lien  I  Section,  lleadtjiniriers.  I 'SAFI  AIK,  hud  a 
Preventive  Medicine  Section  with  medical  ins| lectors  mid  a  mnlariologist. 
Tlie  hitter  was  given  the  duty  of  technical  sii|iervisi»ii  of  ninhirin  control. 

'Die  surgeon  anti  trfher  s(ieciiil  staff  officers  |ierfoniird  in  n  dual  ca|mrity. 
Tltey  were  the  s|iecial  staff  of  both  services  of  supply  and  tlie  tlieater. 

Coo|>emtinu  with  tlie  liritisli  resulted  in  the  format  ion  of  an  inter- Allied 
malaria  control  group  for  tlie  piiqnisr  of  providing  a  coord  mated  antinmlnria 
program  ill  liritisli  West  Africa.  This  resulted  in  control  o|ierution.<i  at 
niiniernus  liases  being  tlie  res|>ousihilitv  tif  tlie  Royal  Air  Fonv  or  otlier  Allitsl 
grou|is.  In  some  of  this  area  anti  |mrf  ienlnrly  at  Accra,  Gold  Coast,  the  un¬ 
fortunate  e.\|ierieiiee  of  American  fonts,  impending  oil  malaria  control  by 
otlier  agencies,  necessitated  constant  ins|iect  ion  and  initiatiiai  of  l<  aw  I  control 
activities  similar  to  tlmee  carriet]  twit  routinely  elscwlierc  among  Aiucricnn 
imofis.  In  otlier  areas,  American  |icrxnnnel  took  over  full  control  at  tlieir  own 
installations  and  also  wijijileiiientetl  tlie  work  of  otlier  agencies.  In  some  cases, 
complete  resjHsisibility  for  control  of  tlie  area  passed  to  American  forces. 
Moreover,  as  tlie  various  civilian  contractors  and  rtn- American  Airways  with¬ 
drew,  the  Army  assumed  responsibility  for  control  operations  that  they  had 
begun. 

In  each  of  the  commands,  various  programs  were  ileveloprd.  Antimal.  ria 
units  were  organ i an)  in  each  service  command  in  IWi  General  malaria  con¬ 
trol  measures  were  strengthened  by  the  designation  of  one  man  per  hundred 
for  malaria  control  work  within  units  as  directed  by  Circular  Xu.  31, 
r.SAFIME,2Se|itenilierltMi. 

In  Felmtarv  19W,  tlie  surgeon  of  tlie  I'.S.  Army  Forres  in  Islieria  was 
given  the  general  responsibility  for  malaria  control  ami  sanitation.  lVIien 
theater  supervision  was  nuitird  under  I 'SAFI  AIK,  late  in  1M3,  all  malaria 
cont  ml  liecame  the  responsibility  of  tlie  tlieater. 

In  tlie  Gold  Coast,  until  11M4, 1LS.  Anny  authorities  failed  tu  organize 
and  implement  an  adequate  malaria  control  program.  Local  comuiaixlers 
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Inut  not  supported  nut iiiiMln riii  liieiisnres  recommended  hy  tlieir  own  mediml 
staff  mid  its  required  by  Army  Regulations.  Full lieriuorc.  integration  of 
British  ami  American  malaria  control  efforts  did  not  promptly  achieve  the 
coordinated  program  which  wns  essential  to  success. 

Mention  should  lie  made  of  the  Egyptian  //<//» /»/’>»<■  eradication  project  that 
begun  early  in  1943  and  continued  until  August  1945.  Ano/thrte*  gambinr  lmd 
invaded  Egypt  as  far  north  ns  Asyut  hy  November  HU’i  and  was  causing 
devastating  epidemics  nlong  the  path  of  tlie  invasion  down  the  Nile.  Allied 
military  forces,  the  Ris-kefeller  Founihition,  and  the  Egyptian  Government 
coo|>enited  in  n  campaign  that  innde  full  use  of  thern|iehtic  ami  suppressive 
Atnhrine,  paris  green  larvicide.  and  pyrethrma  udnlticide.  The  invasion  was 
finally  halted  and  the  invader  was  eradicated.  The  last  .1.  gmnh'un'  in  Egypt 
wns  found  on  19  February  1945. 

In  1943,  the  ltniKilian  tiovennncnt  re|sirted  that  .1.  gambiar  laid  lieen 
hronght  to  Brazil  hy  nirrraft  fnati  West  Africa.  This  was  strongly  deplored 
hy  the  Brazilian  Governuient  as  they  lmd  just  tiuislied  a  long  mid  costly  cam¬ 
paign  to  eradicate  this  mosquito  from  their  . . try.  To  investigate  the 

problem,  a  committee  front  the  Office  of  The  .Surgeon  General,  the  malariolo- 
gist  for  the  North  African  Theater  of  Operations,  I’.S.  Army,  nnd  tlie  mediral 
ins|ie«tor  of  t  he  I’SAFIME  went  to  West  Africa. 

In  the  first  place,  this  group  noted  tlie  following: 

The  la  rve- scale  malaria  control  |  trod  ram  umterlakea  Jointly  by  the  British  Army, 
the  RAF,  the  American  Army,  amt  I  he  civil  authorities  at  Accra  Is  conslaleml  to  be  srniad 
and  KtTas  every  tirumlse  of  being  successful  If  sin>|>»rled  by  all  atcrm-irs  concerned,  and 
If  vigorously  jmshed  to  cnmpieUoa  and  maintained.  Profsaasl  malaria  organlxalloa  la 
excellent. 

The  committee  recommended  that  full  American  support  lie  given  to  tlie  pro¬ 
poned  inter- A  Hied  mosquito  control  program  at  Accra. 

In  the  second  place,  the  committee  made  numerous  recommendations  which 
resulted  in  several  changes,  described  as  follows: 

Them  was  formed  at  Accra  in  the  inter-Allied  malaria  control  group, 
steam  which  formulated  policies  ami  met  hods  of  control  and  obtained  necessary 
supplies  and  equipment.  All  the  individuals  involved  cooperated  fully  in 
attempting  to  break  the  aum -mosquito- man  cycle  at  as  many  points  as  possible. 
To  this  end,  the  following  practices  were  put  into  effect:  (1)  Destroying 
Anopbr/et  larvae,  42)  attacking  adult  Anvpkrlr*,  (3)  preventing  infested 
AnofbeU*  from  biting  the  population  at  risk,  and  (4)  administering  sup¬ 
pressive  medication. 

Furthermore,  to  combat  any  possible  reintroduction  of  A.  gambiat  into 
Brazil,  special  disinsectization  methods  were  started  Imtb  at  the  African  air¬ 
bases  ami  at  tlie  various  Brazilian  points  of  entry.  In  addition,  it  was  decided 
thnt  Brazilian  authorities  would  help  to  siqiervise  mosquito  control  procedures 
at  the  various  African  airports.  Under  this  new  plan,  Brazilian  authorities 
were  in  key  positions  on  both  sides  of  tlie  Atlantic  to  safeguard  tlieir  country 
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from  airliome  African  insects.  This  was  M  welcome  procedure  to  nil  concerned, 
as  it  allowed  the  slinriug  of  duties  and  res|H>nsihility  with  representatives  of 
the  Brasilian  Government. 

Throughout  the  theater,  unit  nntimnlnrin  details  were  formed  to  supple¬ 
ment  the  control  programs  organised  l>v  the  mnlnriologists  and  control 
detachments. 

Indigenous  Inlior  was  utilized  11  '1  military  estahlislnnents  to  install  and 

maintain  the  control  program.  In  ninny  instnnees,  it  was  necessary  to  use 
large  nuniliers  of  lalmrers  to  achieve  adequate  drainage,  larviciding,  and 
pyrethnnn  spraying. 

Xo  definite  infonnatimi  concerning  dusting  and  spraying  from  airplanes 
isavailahle  ezce|it  that  such  dusting  with  pnris  green  was  carried  out  in  Kgypt 
in  1SI4:1  and  that  of  three  light  planes  in  British  West  Africa  the  first  liecame 
o|>enitioiial  on  24  August  12)44.*'  The  mdy  other  recorded  statement  concern¬ 
ing  this  phase  of  tlie  work  is  that  up  until  Xoveinlier  li>44  no  aircraft  were 
available  for  air  spray  »|ierations  in  Fjltpria.*1  A  Steaminn  biplane  (1*T-17) 
had  l>eeii  allocated. 

Training  and  Propaganda 

Practically  no  information  is  available  regarding  training  and  propaganda 
for  malaria  control  niul  prevention  pnqswes  in  the  Africa-Middle  East 
Command. 

Personnel  of  locally  activated  malaria  detachments  were  trained  in  tlie 
field  while  those  arriving  as  complete  units  had  been  trained  liefore  entering 
the  area.  The  met  hot  Is  ami  time  spent  on  these  operations  is  not  known. 

One  active  educational  program  was  developed  in  I*iberia.  In  this,  a 
aeries  of  lectures  was  given,  microscopic  demonstrations  were  pre|>ared,  and 
posters  were  displayed. 

Xo  doubt,  in  connection  with  tbe  strengthening  of  malaria  control  and 
prevention  measures  just  mentioned,  some  training  was  carried  out,  and  some 
aids,  such  as  posters,  radio  reminders,  and  bulletins,  were  utilised. 

Other  Duties  of  Anti  malaria  Organizations 

Antimalaria  organizations  and  personnel  in  the  Africa-Middle  East  area 
were  used  for  other  duties  than  malaria  control  in  a  number  of  instances.  For 
example,  in  an  outbreak  of  bubonic  plague  in  Dakar,  malaria  personnel  ex¬ 
perimented  in  the  use  of  DDT  against  fleas.  It  was  found  in  controlled  experi¬ 
ments  that  DDT  not  only  killed  fleas  within  a  matter  of  hours  after  contact 
but  that  it  inhibited  tlteir  host-seeking  and  biting  activities  within  It)  minutes 
after  direct  spraying  or  within  15  minutes  after  a  10-  to  25-second  contact 


*  St*  IS.  317. 

*  a**  fMtMt*  is.  p.  3i7. 


836 


COMMUNICABLE  DISEASE* 


with  a  DDT  spruyed  surface  It  did  not  act  as  a  nqiellent  as  did  dimethyl 
plitlmlale. 

African  sleeping  sickness  of  lrv|mn<*-oiniiisis  was  present  in  a  |kmlion  of 
the  occupied  territory.  The  vector  illomdna  /hiI/miIIx  was  common  at  some 
installations  and  particularly  ulong  the  Farmington  River  in  Jjibcria.  Herr, 
antimalaria  jiersoiinel  found  that  5  |tercent  of  the  Hies  caught  and  dissected 
were  infected.  Of  200  natives  examined  for  sleeping  sickness,  20  had  enlarged 
glands;  but  gland  punctures  gave  negative  results.  In  view  of  the  results  of 
inquiries  and  of  tlie  extensive  clearing  along  the  riverbanks  for  malaria  control 
purposes,  no  special  precautions  or  control  measures  against  Gloulna  were 
cons i<leiv*  necessary. 

In  addition  to  usual  activities,  the  malaria  units  were  on  the  lookout  for 
Wuckererla  bancroftl ,  tlte  cause  of  Hlariasis.  Both  A.  fune*tu»  and  .1.  gambiae 
ate  efficient  vectors  of  this  organism.  As  these  sjiccies  were  lieing  controlled 
for  antimalaria  pnr|ioscs,  no  special  additional  measures  were  neetled.  In 
I^ilicriH.  7.10  [envnl  of  1,182  natives  examined  were  found  to  harlwr  11*.  hott- 
crofti,  and  4  percent  of  220  A.  gnmbiae  dissected  were  found  to  contain  larvae 
of  IT.  bancrofti.  In  Nigeria,  the  incidence  was  somewhat  less;  in  fact,  Lou  fan 
was  found  more  frequently  than  11'.  bancroftl. 

Yellow  fever  prevention  had  to  la*  continued  wills  ml  relaxation.  By  care¬ 
ful  disinsectization  of  aircraft  to  kill  all  imiH|iiit'irs.  it  was  hoped  to  prvveul  the 
spread  of  the  vector  from  yellow  fever  arras  in  the  ]aitli  of  tlie  Central  African 
air  routes  to  otlier  parts  of  tlie  tlieatcr.  or  to  India.  The  control  of  Aedca 
aeggpti  along  with  other  mosquitoes  helped  to  wine  tlie  incidence  of  dengue 
among  U.S.  Army  personnel.  The  antinialaria  units  often  in  practice  per¬ 
formed  as  insect  control  units;  for  tlie  comfort  ami  protection  of  tlie  com¬ 
mands,  they  attacked  many  problems  which  were  not  strictly  concerned  with 
malaria  prevention.  Tlie  units  were  also  used  to  control  sandflies,  bedbugs, 
and  other  insects.  Disinsectization  was  carried  out  not  only  in  tlie  field,  but 
also  in  theaters,  halls,  barracks,  ami  billets.  Such  general  insect  control 
activities  were  particularly  useful  in  Egypt  where  units  were  not  faced  with 
malaria  hazards  so  severe  as  those  on  the  west  coast  of  Africa. 

SURVEY  ACTIVITIES 
Entomological  Investigations 

In  all  areas,  survey  activities  were  an  important  part  of  ths  antimalaria 
program.  At  first,  tlie  surreys  were  made  to  find  out  which  species  of  Anapitlti 
wen  present,  which  we*o  acting  as  vectors  of  malaria,  and  where  they  wen 
breeding.  When  control  measures  were  in  operation,  adult  and  larva  surveys 
were  made  to  amen  the  reeutts.  A  certain  amount  of  research  was  also  under¬ 
taken  after  control  had  been  established. 

Some  results  o f  surveys  are  cited  to  ill'tstrate  their  scope  and  importance 
in  n lotion  to  control  operations.  For  instance,  in  the  Buftsque  district  of 
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French  Africa,  despite  what  it|>|>enml  to  l)e  mi  adequate  lnrviciding 

program,  large  linniliers  of  Anop/ithu  mosquitoes,  including  liinlnriit,  vectors, 
were  present  ill  tlie  ennip  area.  It  instiine  evident  I  lint  tin*  lliglit  of  sudi  local 
vectors  iis  .1.  gontbhte  was  long  enough  to  break  llimugh  the  1-mile  control 
cone.  The  zone  wns  tliervforv  extended  to  l*,j  miles,  mill  there,  was  nn  im¬ 
mediate  drop  in  the  number  of  Anopht  lex  mosquitoes  in  tlie  protected  area. 

A  survey  of  the  Yoff  Peninsula,  near  Dakar,  French  West  Africa,  was 
nniile  during  January  and  Fehriiury  l!>44,  to  nlitnin  data  regarding  mnliiriii 
problems.  Control  o|M>niti‘nis  were  then  started.  In  July  1!)44,  however,  an 
unforeseen  problem  wns  encountered.  Previously,  contiol  had  easily  licen 
maintained  during  the  dry  season,  hut  now  a  large  number  of  Anophihx 
iiiosi|iiitoes  apiieaml.  Surveys  disclosed  that  tliey  were  lieing  blown  into  tlie 
controlled  area  from  the  north  and  northwest.  As  a  result,  it  became  neces¬ 
sary  to  extend  tlie  control  zone  out  to  7  or  8  miles. 

Kxtensive  survey  activities  in  Liberia  were  made  to  determine  adult  mos¬ 
quito  densities  in  occupied  military  quarters.  As  control  measures  improved, 
tliese  densities  liecnme  lower,  allowance  lieing  made  for  seasonal  prevalence, 
as  indicated  by  checking  tlie  lints  of  tlie  local  imputation  ill  uncontrolled  areas. 
Such  figures  were  used  to  determine  tlie  effectiveness  of  control.  Similarly, 
larval  searches  were  made.  Tlie  following  figures  illustrate  the  size  of  this 
program :  In  1944,  over  26,000  |mols  were  searclied.  In  tlie  got  found  positive 
for  AnopAefe*,  tliere  wen;  894  .1.  gumbim  larvae  and  28  larvae  of  other  specie* 
of  Ahophrh*.  Over  18.000  rooms  were  sea  relied  with  3.100  positives,  and  a 
total  of  9,014  adult  anoplielines  were  collected.  In  1946,  among  some  43,000 
j mol*  that  were  searched,  138  were  positive  and  1,030  larvae  were  found.  In 
over  22.000  rooms  spn  relied,  75W  were  jumitive.  yielding  IJfciO  Amphrlr*. 
Larvae  ami  adults  were  blent i tied  and  several  series  of  .1.  gambit*  were  dis¬ 
sected  for  malaria  parasites.” 

On  the  Yoff  Peninsula,  special  studies  were  made  to  determine  the  effect  of 
desiccation  on  the  viability  of  .1.  gambiar  eggs,  and  the  length  of  the  breed¬ 
ing  cycle  in  this  section  of  Senegal.  Kggs  kept  dry  for  24  Itonrs  iiad  a 
little  higher  than  50  percent  hatching  rate;  those  kept  for  48  hoars,  19.8  per¬ 
cent  :  far  78  hours,  (1.1  percent ;  and  those  that  were  dry  for  96  hours,  0.7  percent. 
Obviously,  even  if  only  0.7  percent  of  the  eggs  of  A.  gambit*  could  hatch  after 
06  hours  of  desiccation,  one  could  not  depend  on  the  temporary  drying  of  pools 
fur  control  of  this  species.  Other  studies  of  the  life  cycle  disc  toned  that  it  took 
only  from  7  to  12  days  for  the  eggs  of  A.  gambit*  to  develop  into  adults  in  this 
arm.  This  information  was  utilised  in  scheduling  larviciding  activities. 

The  same  organisation  in  French  West  Africa  performed  DDT  experi¬ 
ments  in  1944,  when  a  small  quantity  of  this  material  was  received.  The  ap- 
plication  of  150  milligrams  of  DDT  per  square  foot  of  surface  was  found  to 
give  satisfactory  mosquito  control  under  certain  conditions  for  2  months 
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TestniifllwkiiKtliuf  lime  of  cx|>osiiiv  to  DDT-I  rented  snrfnces  nccessnry  to  kill 
mosquitoes  reveuled  t lint  only  5  seconds  conflict  wiili  n  surface  I rented  nt  tin* 
rate  of  100  to  1 25  luilligninis  |>cr  square  fool  were  ivqnirvd  to  |>enuit  .1.  g om- 
biar  o dill t h  to  acquire  h  leilml  dm1  of  |)I>T.  Further  .-.Indies  demonstrated 
tlmt  there  was  ii  marked  mid  slowly  declining  ivsidiial  net  ion  of  DDT  ii|h»i 
.1.  f/timbinr  larvae. 

In  Liberia,  also,  ex|>eriuieufs  with  DDT  were  undertaken. 

Parasitological  Investigations 

Numerous  blond  surveys  were  nintle  in  all  areas  where  imojis  were  stn- 
lioned.  In  some  |>la<*es,  the  surveys  were  continued  long  enough  to  give  some 
indication  of  llie  effects  of  control  ojienitioiis.  All  exniii|>le  of  this  is  the 
following,  reported  from  Dakar: 

Surveys  ill  villages  siimaiiuling  Americiiu  insinuations,  ntnile  in  .laouary 
1044,  revealed  a  |Ntrnsife  index  of  58.7  jieiveni  and  ii  gnineiocyiie  index  of  521 
percent.  By  January  15145,  tliese  imlexes  laid  drop)  ted  to  11  |tervent  and  0.0 
percent,  resjiectively,  and,  liy  July  1045,  a  further  drop  la  5  jierront  and  0.5 
percent  was  noted. 

In  IJberia,”  in  1JH3,  blood  smear  surveys  nmong  (lie  local  imputations  near 
camps  revealed  from  '23  to  08  |«errent  positive  for  malaria  |>arasites.  Game- 
toeytes  were  found  in  2.3  to  10  jieirent  of  llie  total.  Tin*  higlier  percentages 
in  the  surveys  included  lmth  children  and  women.  In  90  to  !I8  percent  of  blond 
smears  exam  ineil,  tlie  intrasite  was  /'.  falciparum. 

During  the  perns  I  from  10  June  through  25  December  1042,”  538  positive 
examinations  for  malaria  parasites  in  military  jiersonnel  ami  white  civilians 
in  the  Roberts  Field  urea  of  IJheria  showed  tlie  following:  05.4  perrent  /’. 
falciparum,  with  1.7  |*iveiit  showing  gametocytes:  /'.  rirase,  0.0  perrent:  /'. 
emir,  0.2  percent;  and  undetermined,  2.1  |iercnit. 

In  enrly  1043,”  thick  Wood  smears  among  lT.S.  Army  troops  in  Liberia 
revealed  tliat  1  percent  of  the  command  was  positive  for  malaria  parasites  and 
that  half  of  these  were  gametoryte  carriers.  No  microfilariae  were  found. 
Taro  other  Wood  surveys  were  conducted  on  troops;  one  in  December  1043  ami 
January  1944  which  showed  15)  perrent  with  malaria  infections,  with  0.3  per¬ 
cent  of  the  punitive  smears  haring  garnet ocytes ;  and  a  survey  in  January  1945 
that  revealed  only  one  man  having  trophoaoites  ami  one  with  garnet  ocytes  of 

Numerous  Wood  surveys  of  the  local  population  near  camps  in  other  anas 
wera  alao  made  in  an  effort  to  erahaUa  tha  malaria  problem. 
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ANTIMOSQI'ITO  MEASURES 

In  nil  I  lie  occupied  areas  of  Afriiti  and  I  lie  .Middle  KiisI,  various  met  Inals 
of  physical  coni  ml  aimed  in  I  lie  eliiiiiiuit  io»i  of  breeding  places  him)  t  lie  tlesl ruc¬ 
tion  of  la i  v nr  nml  adults  weiv  used.  The  establishment  of  adequate  drainage, 
lamenting  with  oil  or  pnris  jrreen,  nml  spiny in^r  with  pyrcthrinii  nml  Aerosol 
Iminlis,  nml  film  I  ly  tin*  use  of  DDT  were  major  ineilioils  utilized.  At  first, 
many  difficulties  were  eiH-onniereil  in  obtaining  j >j dies,  hut  subsequently 
adequate  iniiteriiil  was  available.  Malaria  control  was  established  at  an  ef¬ 
fective  level  l hnaigliout  the  region  in  lh44  nml  was  improved  in  l!>4.‘i.  The 
most  ini|Mii1niit  factor  in  I  lie  IH44  control  program  was  the  arrival  «if  sufficient 
quantities  of  DDT  for  large-scale  use.  It  was  nsetl  in  a  hand-hirviciding  mix¬ 
ture  of  sand  mid  waste  oil  and  in  In  wienies  anti  kerosene  as  a  residual  spray 
(ttg.  41).  Tin*  light  against  malaria  was  a  difficult  mid  prolonged  one,  but  in 
the  end  it  resulted  in  one  of  t  he  quiet  victories  of  t  lie  war. 

In  general,  tlie  control  program  consisted  of  |ieriiiiiheiit  draining  or  filling 
of  low  areas  in  mid  iimmal  liases:  hirviciding  of  mosquito-breeding  waters 
within  flight  range  of  mni|is:  extensive  systems  of  ditching  for  draining 
valleys:  when  jaissihle.  removing  villages  away  fnan  proximity  of  caui|is; 
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COMMIXICATU.K  DI8EA8KS 


and  controlling  of  ocean  lagoons  through  a  combination  of  Inrviciding  and 
intermit  tent  flooding. 

Drainage  was  t lie  method  favored  by  the  British  Army  authorities,  U>- 
ciinse,  despite  its  drawbacks  of  expense  and  time,  it  had  some  jiermmieiicv. 
Water  was  diverted  to  well-defined  channels  which  could  readily  be  controlled. 
Before  the  drainage  system  was  completed,  larvae  were  killed  by  larvicides. 

Adult  mosquitoes  were  killed  in  military  quarters  and  in  the  houses  of  the 
indigenous  {lopiiliitimi  hy  spraying  with  pyrethruin  and  DDT.  Re|»euted 
sprayings  in  houses  and  Army  installations  were  carried  out  throughout  11»44 
and  11445. 

Tlie  Yotf  Peninsula,  wliere  a  comprehensive  pmgnnu  of  insect  iciding 
was  carried  on,  will  serve  as  an  example  of  this  type  of  control  o|teratinn. 
Routine  spraying  of  over  2,400  dwellings  in  villages  within  a  mile  of  Ameri¬ 
can  installations  was  undertaken.  Here,  it  was  found  easier  to  apply  the 
DDT-kerusene  solution  with  knapsack  sprayers  than  with  the  hand  or  |tower 
sprays.  For  larval  control,  a  power-driven  unit  for  pnris  green  dusting  was 
developed  (tigs.  42  mid  W).  This  consisted  of  a  motor-driven  propeller  into 
which  lime  and  |mris  green  were  fed  from  a  hop]>er.  The  whole  apparatus 
was  mounted  oil  n  plunk  and  Imlted  to  a  pint  form  on  a  truck.  I’nder  furor- 
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Fmi'k  43. — Dastlas  witfc  part*  iireca. 

able  conditions,  this  machine  ocmld  dust  as  many  as  25  acne  of  water  surface 
in  an  hour  and  a  half. 

A  campsite  near  the  city  of  Rufaqne  **  presented  the  problem  of  inter¬ 
rupting  the  transfer  of  malaria  from  an  infected  local  population  to  the  Army 
personnel.  To  do  so,  the  mosquito  vectors  had  to  be  eradicated  for  a  distance 
of  2  miles  or  more  from  troop  concentrations.  It  was  not  feasible  to  reanore 
infected  residents  from  the  area.  The  eradication  of  breeding  sites  without 
disturbing  the  district’s  limited  water  supply  was  essential.  Destroying 
Anofkelt*  larvae  within  s  radius  of  3  miles  by  larvkdding,  and  the  killing  of 
adults  by  insecticiding  all  buildings,  insofar  as  poaribie,  within  s  2-mils  radius 
of  camp  was  the  solution.  In  addition,  malaria  discipline  was  essential  for 
the  protection  of  troops. 

Information  concerning  supplies  used  in  Liberia  illustrates  the  extent 
of  control  activities.  With  an  average  of  a  5-day  oiling  cycle,  the  following 
quantities  of  oil  wars  used  as  larricide : 17  7,550  gallons  in  1542,  51,828  gallons 
in  1943,  106£20  gallons  in  1944,  and  73^52  gallons  in  1945.  The  quantities 
of  insecticide,  Aeroeol  bombs,  and  DDT  used  in  connection  with  the  antimalaria 
program  were  similarly  large. 
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At  tills  lisisc.  local  Ini  mm*  wns  excellent  fur  unskilled  work,  such  ns  digging, 
chopping,  and  channel  cleaning,  lint  it  wns.  with  hit  c.\cc|ili<nis,  ill  most  futile 
to  employ  it  for  <i|ierntioiis  requiring  miy  degree  of  skill,  judgment.  or  imle- 
|>eiideiit  ivs|MHisihiliiy, siicli  ns  oiling  mill  spiny  killing.  In  151-Id,  spiny  killing 
in  village  «|iiiiilers  took  147  local  Inlsir  n  inn -days,  ilniinnpt'  n|  terminus,  1.1. "si 
liiaii-dnvs  iiihI  villnirv  const nn*t ion—  resettlement  for  gnmeincvle  removal — 
1.521  iiinii-ilnys. 

Drainage  operations  in  Lilierin,  in  1J14.V'  completed  t lip  following  tusks: 
M^lsl  yards  of  new  ditching,  K4i..'$o4  ynrils  of  innuileiiniire  of  olil  ditching, 

H, 21»4  ynnlsof  reconstruction  of  old  ditches,  i'.'i,i:lo  cnhic  ynnls  of  tilling;,  76,185 

s<|nniv  ynnls  of  hrusli  removal,  mill  enlist  met  ion  of  :>l  s|>ill\vnys.  This  work 
used  IMI.tstN  Iim'ii I  Inlsir  man-days  nml  soldier  lunii-diiys.  During  1044,-’ 

the  following  wiis  invnmplished:  tl^STo  ynnls  of  old  ditch  reconstruction, 
ynnls  of  old  ditch  inniiitemilu-c.  .'Hi,  7 45  ynnls  of  new  ditching,  !hi,!»17  square 
ynnls  of  lirnsli  mnovnl.  14,oln  nihir  ynnls  of  till,  mid  const riM't inn  of  14  spill- 
ways.  Spray  killing  wns  curried  *,ii  extensively:  A.4tM  gallons  of  iiisectieide 
mid  H.4n7  Freon  dis|ieiisers  were  used.  An  average  of  ‘271  >  Inlsircrs  per  month 
were  employed  during  tlie  lirst  7  iihiiiiIis  of  1!»44.  mid  Mm  |ier  iiHintli  for 
the  remaining  5  iiumths. 

During  1J>4.V"  in  Lilierin,  larviciding  nhme  mpiired  1 5.474  man-days. 
Spray  killing  utilized  4.JsSt»  gallons  of  ready-mixed  insect iridr  mid  4.7:48  Freon 
ImhiiIis.  A  5-perrent  solution  of  1>1>T  in  kerosene  was  nvailahle  in  sufficient 
ipiantities  for  applicathm  in  and  arnttnrl  the  lose  ns  a  residual  spray.  A  total 
of  7,072  ifilliHis  of  this  mixture  was  dispersed.  Hie  drainage  system  was 
completed,  and  in  the  end  there  were  approximately  55  miles  of  major  ditches 
in  tlie  sanitated  area.  Tlte  following  engineer  operations  were  carried  out: 

I, 05  yards  of  new  ditch  construction,  tyMSO  yards  of  ok)  ditch  rreonstnK'tion, 
7I,W»1  yards  of  old  ditch  maintenance,  85^(74  square  yartls  of  hrusli  removal, 
ami  2A‘»-  cubic  yards  of  fill.  For  tlie  first  8  months  of  tlie  year,  an  average 
of  :i|0  lalxtrers  were  employed  and  for  the  last  4  months  only  1 78).  Tim 
drop  was  due  to  the  reduction  in  ]ieraonnel  ami  to  tlie  completion  of  large- 
scale  drainage  projects. 

A  much  needed  fmwerboat  for  larviciding  finally  arrived  in  Liberia  in 
1945.  Considerable  diftrultv  was  encountered  in  obtaining  suitable  equi|iment 
from  engineer  depots  in  the  United  States.  In  spite  of  repeated  specifications 
supplied  by  the  Liberian  base  regarding  the  proper  type  of  oil  sprayers  for 
larviciding,  the  equipment  received  consisted  of  knapsack  firefighting  sprayers. 
Them  were  not  only  unsuitable  for  handling  oil  la  trickles  I  Hit  were  not  even 
complete  for  use  in  spraying  water. 

The  Deversoir  Air  Base,  between  l’ort  Said  ami  Sun,  had  a  high  initial 
incidence  of  malaria.  A  problem  was  presented  by  the  swamps,  lakes,  and 
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irrigation  ditches  with  which  (lie  tiirdromc  whs  surnMiiuli^l.  With  lorn  I  Inlmr, 
tlies*  ditches  were  cleared,  and  the  swamps  anil  lakes  were  drained.  Paris 
((reen  and  oil  larvicides  were  employed.  After  the  program  had  lieen  completed 
in  January  1944,  very  few  cases  of  iiuiliiriii  devehqied,  and  many  or  all  of  these 
may  have  been  coni  racteil  elsewhere. 

In  tlte  Persian  Gulf  area,  ntnlariit  control  o|>enitii>ns  were  delayed  liecimse 
of  insufficient  personnel  mid  equipment.  Essential  malaria  control  equipment 
was  lacking  during;  most  of  194tt.  A  few  knn|isaek  sprayers  weiv  taken  over 
from  a  const  met  ion  company.  lint  they  were  ill  a  laid  stale  of  repair  anil  few  of 
them  could  be  used.  Eventually,  sprinkling;  cans  ivere  procured  from  local 
sources  to  spread  oil  on  water  surfaces.  These  were  of  |»oor  const  met  ion.  did 
not  last  long,  mid  results  were  not  ton  favorable.  There  was  some  dusting 
equipment  for  application  of  |inris  green,  but  as  local  nmil  dust  was  the  only 
available  diluent  the  equipment  wns  soon  ruined.  After  this,  a  paris  green 
mixture  was  broadcast  by  liaiul.  In  tlie  loiter  |«irt  of  l»|.‘t,  tlie  first  “Hit 
guns’’  were  available.  Eventually,  in  the  fall  of  l!K:i.  two  |sirtiddc  air  com¬ 
pressors  arrived. 

Supplies  of  insecticide  Were  inadequate,  and  during  the  summer  nf  MM3 
they  were  completely  exhausted.  Materials  were  not  ivuilahle  for  spraying 
nearby  native  villages  until  August  104:$,  when  equipment  was  secured  from 
British  Army  stocks  in  tlie  Middle  East.  Tlie  British  released  5,000  gallons 
of  Flyaol  (a  pyrethruni  insecticide),  0,000  |>ounds  of  pyrethruni  powder. 
Hit  guns,  and  5,0110  |mhiii<Is  of  paris  green.  At  nlsmt  this  time,  the 
malaria  control  units  began  to  prepare  their  own  insect iride  by  soaking  pyre- 
thrnni  powder  in  kerosene.  Fortunately,  there  was  plenty  of  fuel  oil  No.  2 
for  the  malaria  control  needs.  It  wan  not  until  the  1045  season  had  began 
that  the  5  percent  DDT  kerosene  residual  spray  became  available  for  general 
use  within  the  command.11 

In  1944,  in  the  Persian  Gulf  area,  tlte  following  was  accomplished : !1 
Over  HOD  acres  cleared:  over  IJiOuyMNi  lineal  yards  of  ditching  cleared  or 
straight* ted;  over  40JW0  yards  of  new  ditching  installed ;  ami  over  2,tt00  water 
acres,  over  SJJOOjOOO  lineal  yards  of  small  ditches,  and  over  ItmjKIO  square  feet 
of  other  water  surfaces  larvicided.  Over  17,000  gallons  of  kernwene-pyrethruni 
■pray,  167,000  gallons  of  oil,  and  47tM$00  pounds  of  mixed  paris  green  dust  as 
well  as  3,600  gallons  of  2  percent  DDT  were  used.  Over  850,000  ntan-ltonrs  of 
labor  were  needed  for  three  operations. 

For  the  period  from  January  to  Septrmlier  1945,”  inclusive,  the  following 
was  accomplished :  Over  59,000  lineal  yards  of  channel  or  ditch  cleaning,  over 
1JJ00  lineal  yards  of  new  ditching,  more  than  600  cubic  yards  of  Hll,  and  over 


*  Itoyert,  Cap*.  MHilat  A.  l*rW.  KtT,  la  aOar  G*wnl.  IVrulai  Galf  Cifiil  aikjiel : 

fcyrt  at  Malaria  CMtr*l  Aetlritto*  far  Mnath  mi  IMA. 

■LKtef,  Capl-  X  am  alar  A.  Mw.  W.  tm  CaiawAlag  Omni.  I’rrriaa  Oalf  Ciaul,  W  laa. 
IMA,  aatfrat:  Tfct  Malaria  l*wllia  iri  a  Haanur?  «*f  Malaria  C«»alrttl  Oftfiali'iM  far  IM4  la  tto 
Parriaa  Oalf  Csaaiwl. 

■  Her  fmdiels  SI. 
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575  wntiT  ureas  niul  over  25,000  lineal  feet  of  siiinll  streams  (less  than  5  feet 
wide)  larvicided.  These  operations  required  over  45,000  iniin  liours  of  labor 
for  spraying  and  over  250,000  man-ltonrs  for  other  ns|»evts  of  the  control 
program. 

PERSONAL  PREVENTIVE  MEASURES  AND  MALARIA  DISCIPLINE 

The  use  of  personal  preventive  measures,  sneli  ns  re|ielleiils,  Iasi  nets, 
and  pro|a>r  clothing,  whs  directed  hy  various  War  Department  pnhlient ions 
mill  in  addition  was  snp|>oiied  by  directives  and  circulars  issued  hy  the  various 
lieadquarters.  lieu  larks  tu  the  effect  that  malaria  discipline  was  enforrrd.  or 
strengthened.  are  found  ill  ninny  of  the  documents  dealing  with  malaria.  It 
is  not  possible  to  olitniu  n  clear  picture  of  this  ns|M>et  of  the  program  for  tlie 
entire  area.  Some  typical  illustrations  of  conditions  are  cited  to  show  tlie 
general  trends. 

At  Kkues  Field  and  Dakar,  Senegal,  until  nlmut  dune  lairnicks  were 
not  sprayed  regularly,  and  then*  was  no  malaria  discipline.  After  that  time, 
all  Imrracks  were  sprayed  nightly,  hut  none  of  the  buildings  were  adequately 
inosqilitoproofed.  Protective  clothing  was  required,  suppressive  Atalirine  was 
administered,  and  mosquito  re|>elleut.  was  issneil  to  all  personnel. 

In  Liberia.  military  quarters  were  sprayed  once  nightly,  and  lasl  nets 
were  lowered  and  tucked  in  hy  ltitlft.  Tlie  wearing  of  proper  clothing  at 
night  out  of  doors  was  enforced,  but  tlie  wearing  of  head  nets  was  discontinued 
when  mosquito  repellent  was  issued  to  tlie  troops  in  May  1043.  Standing 
orders  at  Roberts  Field  prescribed  the  wearing  of  protective  clothing  after  1800 
when  out  of  doors.  Military  police  were  stationed  in  the  theater  and  at  other 
points  to  enforce  the  regulations. 

At  some  of  the  Air  Transport  Command  bases  in  1943,  enlisted  personnel 
were  restricted  to  the  base  from  1800  to  0000  to  reduce  exposure  to  malaria. 

Although,  at  tint,  in  the  Gobi  Coast,  tlie  re  were  unscreened  quarters  and 
theaters  and  malaria  discipline  was  lax,  the  situation  was  corrected.  Most  of 
the  necessary  screening  had  been  installed  hy  the  middle  of  September  1943, 
At  this  time,  malaria  discipline  waa  strengthened. 

After  this  time,  in  the  Accra  area  the  U.S.  Army  camp  and  the  Royal  Air 
Force  camp  were  well  screened  and  well  maintained  (fig.  44).  The  usual  pro¬ 
tective  clothing  was  worn,  mosquito  nets  were  used,  and  the  American  outdoor 
movie  eras  screened. 

A  report  an  the  status  of  malaria  control  at  Central  African  Stations  in 
August  1943 31  tells  of  the  following  general  policies:  All  barracks  and  quar¬ 
ters  were  sprayed  regularly  with  liquid  insecticide.  Nearby  villages  were 
sprayed  daily  with  insecticide,  and  Itritish  Army  authorities  sprayed  oilier 
villages  three  or  more  times  a  week.  The  majority  of  American  soldiers  were 


•*  Repart,  Cel.  Are*  A.  Fid.  A.O.D.,  tJeltvtf  UtilN  Amy  F»rf**  l»  Cefttral  Afrtea.  to  TV 
Oturil,  3#  A«f.  IMS,  vefcjtct :  Print  Rain  et  MaUrtfi  CMtra)  at  L'KAFICA  Stattean. 
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Floras  44. — Type  of  harracka  ho— In  U.8.  troop#  at  Accra  Airport,  showing  the  nlnele 
awaqaito  trap  nuance  is  balMina. 


housed  in  moequitoproofed  barrack*,  and  all  men  were  supplied  with  mosquito 
bars  (bed  nets).  The  maintenance  of  these  bars  was  each  man’s  responsibility, 
and  most  of  the  bars  were  kept  in  good  repair.  Atabrine  for  suppressive  medi¬ 
cation  was  taken  regularly.  The  usual  protective  clothing  measures  were 
enforced.  However,  mechanics  working  at  the  airport  at  night  could  not  repair 
aircraft  while  their  arms  were  coveted.  To  obviate  this  diflcuHy,  mosquito 
repellent  was  issued  to  each  man. 

In  the  Delta  Service  Command  ares,  normal  mosquito  control  measures 
were  carried  out,  but  emphasis  was  placed  upon  individual  protective  measures. 
Proper  emphasis  and  strict  supervision  of  individual  protective  measures  wen 
the  rale. 

Lack  of  malaria  discipline  in  the  Persian  Gulf  area  was  not  solely  s  local 
characteristic,  as  American  troops  often  slept  without  mosquito  nets.  This 
was  particularly  true  of  motor  transport  drivers.  Maintenance  and  repair  of 
bed  nets  and  the  supplying  of  them  for  transients  was  a  constant  problem. 

Although,  throughout  all  occupied  areas  of  the  Africa-Middle  East,  per¬ 
sonal  preventive  measures  were  stressed,  the  degree  of  compliance  with,  and 
therefore  the  effectiveness  of,  the  program  varied  considerably  at  the  different 
installations. 
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Sl’PPRESSIVK  MEDICATION 

tjnmine  uml.  Intel-,  Aliiliiinc  were  hmsI  for  >ii|i|ires»ivi'  iiinlioiliiHi  in  •  lie 
Africa -Middle  East  area.  in  practically  nil  nivns  nf  ln>;li  nr  liyia-ivmlmiiicit  y, 
this  method  of  combining  iiinlnriii  was  lists)  for  ol  leirsl  limited  |mthm1-  of  lime, 
lull  whether  the nil  ire  region  whs  on  suppressive  inetljt-Hlion  is  not  known. 

In  the  viirions  stations  in  Frem-h  \V»-sl  Africa.  Alsihriuc  suppressive  uimli- 
enlitui  was  nnihori/.etl  in  June  1!»4.‘$.  In  Mmvh  1!)44.  ihe  Dakar  invn  whs  tv- 
lieved  from  this  uiedinitiou  for  the  tlry  sen  son. 

In  Liberia.  suppressive  medirnt  ion  whs  used  at  various  times.  Two  weeks 
liefore  delmrkiilion  of  the  original  task  have,  nil  tnM>|is  wei-e  placed  on  tpiinine 
prophylaxis.  After  the  arrival  of  Circular  letter  No.  f  )fliro  of  t  he  Surgeon 
General,  tlntetl  21  OcloL-r  11442.  most  of  the  troops  were  taken  olf  suppressive 
t  rentinent.  Alton!  half  the  troo|>s  were  ordered  oir  quinine  |>rn|ihyhi.\is  on 
2  Deceinliel-  ami  tlie  i-enmimler  on  Hi  DeeeniUn-  11412.  Siiliseqnenl ly,  the  innn- 
la*r  of  honpitnl  admissions  for  nmhirin  inrreasetl  eonsiilenildy.  On  24  IVeem- 
lier,  a  radio); ram  whs  received  from  llemlqniirlers.  I'.S.  Army  Forres  in  (‘entnil 
A friea,  wliieli  mol: 

*  *  *  V»ur  stations  have  Is-cn  taken  off  aiilliiMlMrln  ]trin*hvlj» vl*.  It<s|nesl  <-onllr>iia- 
1  ion  UIHI  reason.  Tile  a<linllil»lntll<>><  of  Alahrloc  l»  nil  I ns>|is  ■»  ]>r»>|«livln«lli'  iloses  Is 
illm-lett.  Met|nest  Informal  ton  ns  In  muse  of  Increase  til  iiinlnriii  rale. 

On  27  I  tecenilier,  onlers  were  issnetl  for  I  lie  restoration  of  prophylaxis,  using 
Atabrine  instead  of  quinine. 

Frt»m  tire  first  of  the  year  through  Felminry  114411.  all  tn»t|w  were  on  Ata- 
Irrine  prophylaxis,  lait  tire  tie  fen  se  force  which  arrived  on  10  and  11  Match  was 
not  placed  ihi  prophylaxis.  In  June,  tire  ntinilier  of  malaria  cases  surpassed  all 
previous  records,  ami  the  iustituliiHt  of  Alahritte  suppressive  medication  was 
lieguii  on  21  Jutte.  This  prophylactic  treatrirent  was  continued  as  far  as  is 
kimwit,  excejrt  for  4  mouths  early  in  11444.  for  tire  remainder  of  tire  oectt|Ml  hat. 

At  Accra,  ott  tire  Gold  ('oast,  Amcrk-att  troop*  were  placerl  on  rolnntary 
quinine  suppressive  treatment  until  3  Xovemlter  11442,  wlteii  Atabriire  suppres¬ 
sive  (indication  was  suhetitnterl.  Front  then  on,  at  least  tlinni)(h  11444,  Atabriire 
mippretMtou  was  required  in  i-ompliance  with  several  directive*.  All  Irasr  unit 
personnel  were  issued  Atabrine  cards  to  be  punched  daily  wlren  tire  tablet  was 
given  in  the  mess.  At  the  end  of  each  week,  those  whose  cards  lacked  tire  requi¬ 
site  seven  punches  reported  to  the  dispensary  to  receive  tire  remainder  of  their 
week's  Atabrine  quota.  By  the  end  of  November  1044,  the  malaria  rates  in  all 
forces  were  at  the  lowest  put.  t  for  the  Accra  area. 

In  Nigeria,3*  Atabrine  suppressive  medication  was  administered  in  accord¬ 
ance  with  the  provisions  of  Air  Transport  Command  Regulations  No.  2.V-S 
dated  12  July  15444. 


•■em.  V«J.  Clllst*a  Firrrll.  lie,  ta  CmoouoHIm  Omni.  C8AVIME,  Coir*.  E«r»t.  altralloa : 
Tfca  CIiW  SirfM*.  I  Mtr.  IW4.  nk)wt:  MaUlta  Caalrol  at  U.S.  Armj  lulalUltoia  fta  W#*t  Afrkt. 
1  •41-44.  Part  I :  >’f«erta,  Brttlafc  Wn.  Afriea. 


CHAITEK  VII 

China- Burma- India  Theater 

John  W.  II.  Rfhn.  Ph.  I). 

MILITARY  HISTORY 

The  ('liiiia-Riiniin-lnditi  theater  was  established  on  4  Mnivli  ]!U‘J  to 
Irnnsjiorl  supplies  to  (lie  force*  of  the  Chinese  Central  (lovennnent  (map 
111).1  To  accomplish  tins  mission,  it  was  necessary  to  augment  existing  air 
transport  facilities  and  to  Imihl  a  nmd  from  India  to  the  Burma  Road  lending 
to  China  on  ground  which  it  ho)>ed  to  wrest  from  the  Japanese.  Three  major 
activities  had  to  be  carried  on  more  or  less  simultaneously.  In  addition.  Army 
Air  Forces  supported  Chinese,  British,  and  American  oj>e  rat  ions.  Other 
elements  of  the  IT.S.  Army  provided  advisory,  training,  liaison,  and  other 
facili  t  ies  to  assist  t  he  Chi  nese  Central  <  lovemment. 

The  lirst  major  event  in  the  theater  was  the  inglorious  retreat  from  Biinna 
in  tlie  spring  of  1144.  For  all  practical  purposes.  this  divided  tlie  tlieater 
into  two  distinct  areas  separated  hy  tlie  Himalayan  uplift.  At  that  time, 
limited  flights  over  these  mountains  were  lieing  inatle  princijMilly  hy  tlie  Chinese 
National  Aviation  Corporation.  The  India-Cliinn  Wing  of  Air  Transport 
Command  was  directed  to  construct  airfields  ami  to  establish  regular  flights 
in  this  area  for  tlie  movement  of  military  personnel  and  to  China.  This  dan¬ 
gerous  and  arduous  trip  was  tlie  only  available  means  of  communication  with 
China  except  for  tlie  century-old  caravan  routes  crossing  various  parts  of 
central  Asia  which  were  impractical  for  movement  of  essential  (lersonnel  and 
materiel.  Air  service  over  “the  Hump"  was  steadily  laiilt  up  until  tonnage 
moved  by  this  means  increased  from  tlie  initial  trickle  to  siaalile  quantities. 

Other  means  were  still  necessary,  however,  to  move  tlie  enormous  quanti¬ 
ties  of  gasoline,  expendable  supplies,  vehicles,  ami  other  lieavy  equipment. 
A  supply  roots  was  commenced  in  December  1144  to  extend  from  tlie  Ink) 
area  of  Assam,  India,  across  the  Patkai  Range  through  tlie  Hukawng  and 
Irrawaddy  Valleys  to  the  old  Burma  Road,  subsequently  renamed  the  St  il well 
Road.  This  project  involved  construction  through  virgin  jungles  crossed 
only  by  poor  foot  trails  or  pack  trails  and  peopled  by  indigenous  tribes.  Dur¬ 
ing  IMS  and  1M4,  when  construction  of  the  road,  pipelines,  and  telephone 
lines  was  continuing  as  closely  behind  combat  operations  as  supply  and  climatic 
conditions  would  allow,  groat  quantities  of  material  were  moved  inland  from 

>  teat  u  atfcrrata,  lUlutH,  dau  la  tail  rtaplar  ,rr  dtrlod  froa  Vaa  Aakra.  R.  A. :  A  Hblorjr 
•f  PtnMttn  Madktaa  la  Ik  U.8.  Ana/  Ftra,  ut  (hr  la4U-B,raui  Tkaatar.  1*42  42.  (OSHal 
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Map  10.— Bonthraxt  Ante,  ihowlnc  IndU-Rnniia  t beater  with  uinjur  niliiiliilHtrntlre 
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the  jxirts  for  construction  pui  jxtscs  and  to  liuild  up  a  hacking  of  supplies  for 
shipment  over  the  road  on  its  completion.  The  road  was  finished  mid  opened 
for  the  first  China  convoy  on  1  February  1945  and  was  officially  closed  on  31 
October  1945. 

<)|>enitioiis  for  the  capture  of  noil  hem  lluriiui,  amiss  which  the  mud  wasio 
lie  luiill,  were  carried  on  by  the  Chinese  Army  in  India  and  by  Merrill's 
Marauders.  This  polyglot  organization  was  assembled  in  India  and  started 
from  the  Ledoarea  late  in  February  1944,  conducting  a  jungle  campaign  which 
led  to  the  capture  of  Myitkyina,  Burma,  in  August  1944. 

The  Burma  Hoad  in  the  .Salween  River  area  was  captured  by  the  V  Force 
(Chinese).  The  second  American  contingent,  tlie  Mars  Task  Force,  left  Myit¬ 
kyina  in  August  1944,  to  make  contact  with  the  Y  Force,  after  which  they 
lieaded  south  and  made  contact  with  British  troops,  which  had  been  operating 
in  central  and  south  Burma.  This  completed  the  neutralization  of  the  entire 
route  over  which  the  highway  extended  to  K’un-ming,  China. 

The  pipeline  project  was  really  twofold.  One  branch  went  to  the  Manipur 
Road  area  of  Assam  to  supply  petroleum  products  to  the  British  and  to  the 
Tenth  Air  Force  poised  for  their  south  Burma  offensive.  The  other  line  went 
through  the  Brahmaputra  Valley  supplying  airfields,  after  which  it  continued 
with  the  road  and  made  contact,  early  in  1945,  with  Hie  section  being  con¬ 
structed  from  K’liii-miugto  near  the  China-Bunna  bonier. 

The  Tenth  Air  Force  supported  all  operations,  both  the  Chinese- American 
iu  northern  Burma  and  those  of  the  British.  The  Fourteenth  Air  Force  sup¬ 
ported  Chinese  operations  and  performed  missions  in  conjunction  with  the 
various  Pacific  commands  to  the  limit  of  their  resources.  Finally,  the 
Twentieth  Air  Force  was  establislied  in  the  theater  for  long-range  bundling 
of  enemy  strongholds. 

Many  Americans  were  involved  in  advisory  capacities  or  in  training  and 
supplying  the  Chinese,  both  in  China  and  in  India.  Additional  personnel 
served  to  maintain  liaison  with  the  various  Chinese  forces.  The  India-Bnrma 
theater,  except  the  area  from  Ledo  eastward  in  Assam  through  northern  Burma 
and,  for  a  time,  a  limited  portion  of  eastern  Assam  (Manipur  Road  and 
Kohima  urea),  was  considered  a  rear  area.  In  the  China  theater,  established 
on  94  October  1944,  supply  and  training  functions  were  intimately  connected 
with  various  Chinese  operations. 

Bases  were  established  at  ports  and  at  intervals  along  water,  rail,  and 
road  transportation  systems,  either  utilised  in  part  or  operated  by  Americans. 
The  actual  location  and  disposition  of  forces  depended  upon  operating  condi¬ 
tions,  transshipment  points,  maintenance  needs,  and  other  problems.  Army 
Air  Force  installations,  particularly  Air  Transport  Command  lames,  formed 
a  network  linking  the  various  parts  of  the  theater.  Installations  were  espe¬ 
cially  numerous  through  the  upper  Assam  portion  of  the  Brahmaputra  Valley. 
With  the  exception  of  bases  in  eastern  Bengal  and  Assam,  Tenth  Air  Force 
installations  were  located  near  those  of  other  commands.  In  China,  Army  Air 
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Foiw  iiiMtnlliitions  wen*  prinripnlly  oHiilmi  luis**s.  Tin*  Fourteenth  Ail'  Force 
worked  in  conjunction  wit li  I  lie  Chinese  ground  lr<*ops.  In  the  Iteiigul  nren, 
relatively  isolated  baser-  were  iiistiillcd  fur  the  Twentieth  Air  Force  mid  for 
some  sect  ions  of  the  Tenth  Air  Force. 

Willi  tlie  ressntion  »f  lioslililies,  nil  Imses  contracted  in  sir-e  nnd  gradually 
cloned  ns  evacuation  progrvsst>d.  In  China,  I  mi  ms.  weiv  established  at  some  of 
the  major  jsirts  to  fucilitnte  I  lie  moveineiit  nf  |M>rsonnel  nnd  supplies  in  the 
frets  I  nrens.  At  the  end  of  only  n  few  of  the  innitl  de|Hit  areas,  pnrticu- 
larly  those  nenr  |Mirts  or  centrally  locnted  for  n  large  uren,  were  left  in 
o|ierntion. 

AREA  CHARACTERISTICS a 

Geography 

The  occupied  |Mirti«Hi  nf  the  (healers  inehiiicd  nrens  of  India,  Ihinini.  and 
('liiini  with  a  few  |iemonitel  sialioned  in  Ceylon.’  Tlie  Imlia-Hiirina  area 
was  enoniions.  living  more  than  2,4tN>  miles  from  east  to  went  and  l.MK>  miles 
from  north  to  south,  including  more  than  2  million  square  miles  liiiap  10). 
In  rout  Item  China,  Insqis  were  scattered  in  |M>rtians  of  six  provinces  which 
hud  an  area  of  alanit  three-quarters  of  a  million  sqnarr  miles. 

As  a  wlwtle,  tlie  India-Hiinna  area  is  one  of  great  diversity  in  pliysio- 
graphical.  climatological,  and  biological  ctsidilions.  Within  its  Isrrders  are 
areas  of  gnat  elevation  and  large  river  plains  practically  at  sea  level.  It  also 
efux mii | lasers  regions  with  very  great  raiiifnll  as  well  as  tlmse  with  tnie  ileserts. 
In  all  the  area,  with  I  Hit  limited  exce|itions,  malaria  was  eitlier  an  actual  or 
a  (Mitential  problem.  Rough ly,  Imlia  may  lie  divided  by  lamlforni  ami  geology 
into  three  sections  (map  20):  Hie  nortlietii  mountains  or  Himalayan  uplift: 
the  dissected  plateau  in  tlie  ]ieti insular  |Minion  of  Imlia,  at  times  spoken  of 
as  tlie  Deccan :  and  tlie  great  lmlian  Plain*.  often  called  tlie  trains  of  Hindu¬ 
stan.  This  latter  includes  the  valleys  of  tlie  Indus,  Ganges,  ami  Brahmaputra 
Rivera.  On  the  east,  the  Assam  Hills  are  actually  contiguous  with  the  Burma 
mountains.  These  together  form  an  effective  lurrier  liet  ween  Imlia  and  Buraia. 
Burma  has,  in  addition,  tlie  following  distinct  geographic  arras:  Irrawaddy 
Valley, Shan  Plateau, and  Tenassrrim  ('oast. 

The  hill  rest  camps,  such  as  Harjerling,  Imlia,  were  locale* I  on  the  south 
slope  of  the  Himalayas.  1'suaily,  they  were  in  the  ileciduons  forest  belt  at 
6^000  to  ty)00  feet  elevation,  Three  areas  were  mostly  natural  forrat  with  mm 
tea  garden*.  In  most  of  the  area,  malaria  is  not  a  major  problem. 

Bombay,  a  port  utilised  at  timw  by  FA  Forces,  is  on  the  west  cuast.  It 
iaaituatedonahilly  island, sheltered  at  all  seasons. 

Bangalore,  in  the  Mysore  State,  was  an  important  Army  Air  Force 
imtallation.  Its  elevation  gave  it  a  healthy,  pleasant  aspect. 

•  (l|  Cs»y.  Owe  R :  Aola'o  U>4>  a*4  r*i|tf» ;  A  Onmil;  M  Oar  ThM  IS*  Kartb  a  Ml 
Twa-TMfSa  It*  r»,Si.  Snr  Tor* :  MrOraw-HOI  RmI  Co  .  lor  .  1S44  lil  CMaa  tUai»i-i*. 
mr-O.  K*w  Tact :  TV  Mar*  IIU  a  Co..  <141 

•II  win  *»  rvtallcS  tbal  IV  sartlttMi  of  Fakbtaa  fro*  Iwlla  SU  mm  lake  stare  aalU  IMT. 
PnsaHtUaa  aaaaco  arc  nt,M  ta  Ihfc  ekafee 
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BV- BRAHMAPUTRA  VALLE*  SR-SHAN  RLATEAU 
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Map  W. — Mnutbvust  mfcuwlRg  gni«rR|iW<'  tllrWlou*  In  |i»rtl<>ii»  A  In*iin  rim!  Rnim 

wr«|M  hr  r.X.  inniiM. 

Ceylon  until  as  a  bt«  for  a  limited  number  of  lT>.  IrnopL  They  were 
mainly  stationed  in  the  interior  hills  which  have  the  remnant*  of  forests  hut 
are  largely  devoted  to  tea  gardens.  It  may  he  described  as  a  “typical”  tropical 
ialu  d.  At  times,  the  arm  has  explosive  malaria  epidemics. 

The  great  Hindustan  Plain  is  the  Hection  in  which  most  of  the  mar  area 
installations  and  Air  Forte  bases  were  established.  The  forward  areas  passed 
through  the  awnntain  barrier  separating  these  plains  from  the  essentially 
similar  river  plains  of  Burma. 

The  gnat  Indian  Plain  itself  is  divisible  into  several  major  g*ogra|>hic 
regions  (map  90) :  The  Bengal-Orksa  lowlands,  Ganges  Vslley,  Brahmaputra 
Valley,  Indus  Valley,  and  Thar  Desert.  In  all  these  anus,  malaria  was  prev¬ 
alent.  The  Aamm  Hills  ami  Burma  mountains  on  the  east  separate  time 
areas  from  the  Irrawaddy  Valley.  In  all  these  divisions,  except  the  Thar 
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Desert  and  the  Indus  Valley,  troop  concentrations  were  of  sufficient  size  to 
warrant  consideration  in  soinedetnil.  Moving  from  west  to  east, one  progressed 
from  an  area  with  limited  conerntrutions  of  forces  to  the  ureas  in  which  they 
were  numerous. 

Only  at  Karachi  were  troop  concentrations  |>ernnineutly  established  in 
extreme  western  India.  Karachi,  while  technically  in  the  Indus  Valley,  |mim- 
sesses  the  features  of  the  Thar  Desert.  It  is  in  a  low,  level  urea  with  little  rain¬ 
fall,  mostly  u  desolate  region  of  shifting  sands  and  scattered  xerophytic  brush. 

In  the  Ganges  Valiev,  fairly  numerous  well-isolated  rear  installations  and 
airbases  were  established.  This  broad  valley,  with  its  vast  deltaic  am)  ami 
practically  featureless  relief,  is  intensely  agricultural.  It  has  greater  precipi¬ 
tation  in  the  eastern  portion. 

Tlte  Hen gul -Orissa  lowlands  likewise  contained  rear  ami  installations  and 
airbases  as  well  as  the  main  |Mirt  for  supplies  (Calcutta)  for  the  theater.  It  is 
essentially  a  flood  plain  area  of  two  river  systems,  with  a  deltaic  maritime  dis¬ 
trict  bordering  the  Hay  of  Hengal.  It  is  an  agricultural  province  with  rela¬ 
tively  heavy  rainfall  and  with  trying  climatic  conditions,  ill-suited  for  Eu¬ 
ropeans. 

Tlie  Hrahmapiitni  Valley  is  best  defined  ns  the  region  from  tlie  river's 
entrance  into  tlie  Assam  lowlands  to  tlie  Hengal-Assam  boundary.  The  valley, 
which  is  moist  to  wet,  has  considerable  agriculture  but  still  retains  large  tropieml 
forests.  Through  this  area  passed  the  supply  lines  for  and  tlie  start  of  the 
St  il well  Rond  and  in  it  were  situated  many  airbases. 

The  Assam  Hills-Burma  mountains  barrier  was  an  area  in  which  some 
combat  occurred  and  through  which  the  road  was  constructed.  This  area, 
with  its  rugged  terrain  covered  almost  entirely  with  dense  tropica)  rain  for¬ 
ests,  was  a  little  known  section  of  the  world. 

The  Irrawaddy  Valley,  tlie  northern  |x>rtion  of  which  concerned  us,  is 
another  set  of  river  systems  with  flood  plains  but  with  definite  elevational 
relief.  In  some  portions,  agriculture  is  important,  but  much  of  the  arm  is 
either  tropical  forest  or  scrub,  or  has  reverted  to  grassland.  Rainfall  is  henry 
in  moat  of  the  area  where  Americans  were  stationed. 

China  exhibits  grout  diversity  in  physiographical,  climatological,  and 
biological  conditions.  However,  the  south  China  area  in  whieh  ILS.  troops 
were  stationed  exhibited  rather  limited  diversification.  This  area  is  composed 
of  the  following  general  regions :  Snechwsn  lowlands,  mainly  in  that  province; 
southern  uplands,  including  parts  of  Hu-nan,  Kuei-chou,  Yunnan,  and  Kuang- 
hsi  Provinces;  and  southwestern  uplands,  me  haling  portions  of  Kuei-chou  and 
Y finnan.  UJS.  troops  were  scattered  through  all  these  areas  in  order  to  perform 
theur  mission  of  supply  and  liaison  with  Chinese  forces. 

The  Ssu-ch’uan  lowland  is  an  isolated  area  near  the  lieart  of  China. 
Elevations  from  3,000  to  4,000  feet  are  found  with  valleys  of  one-half  this 
height.  Ch’ung-ch’ing  dominates  this  area.  Tlie  re  is  also  an  alluvial  fan,  the 
Ch'eng-tu  Plain,  near  its  western  margin.  Tlie  natural  flora  has  largely  been 
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replaced  by  cultivated  ciojk.  Pine,  bamboo,  n ml  cypress  an1  clmniri crist ic  of 
the  area,  with  deciduous  trees  mixed  with  pine  on  ilie  higher  hills. 

The  southern  uplands  include  a  huge  area  of  south  China.  Hills  and 
mountains  are  always  in  sight.  It  is  estimated  that  tlntlnnd  occupies  not  over 
to  ]**iveiit  of  the  area.  -Most  of  tlie  area  is  under  cultivation  or  is  grassland, 
but  miniaiits  of  t  lie  original  tropical  seinidecitltioiis  ( hrundlenf )  ami  subtropical 
forests  |iersist. 

Tlie  southwestern  uplands  are  a  siiliiltied  rout  innat  ion  of  the  Tibetan  high- 
lauds.  The  only  level  area  is  the  K'nii-ming  Plain.  As  n  whole,  it  is  a  region 
of  plateau  remnants  cut  by  deep  valleys.  Vndisttirlied  areas  are  rare,  but  in 
plnces  tlie  original  flora,  consisting  of  sul (tropical  finest  and  dense  coniferous 
and  deciduous  upland  forests,  may  be  found. 

Climate 

Within  India  and  Burma,  all  climatic,  conditions  present  an  appreciable 
variation.  In  general,  from  west  to  east  there  is  a  progression  from  a  very 
arid  region  through  increasingly  moist  areas  to  tlie  rainsoaked  tropical  fur¬ 
cate  of  the  Assam  Hills.  In  the  Irrawaddy  Valley,  conditionsare  similar  to  those 
of  tlie  Brugal-Orissa  lowlands  and  the  Brahmaputra  Valley.  Throughout  much 
«f  tlie  area,  tlie  mu  vent  ional  seasons — spring,  summer,  autumn,  and  winter — 
do  not  occur.  The  area  as  a  whole  has  three  seasons:  Tlie  wet  (monsoon), 
tlie  cord,  and  tlie  hot.  Most  of  the  precipitation  occurs  during  tlie  monsoon 
season.  The  time  «f  arrival  of  tlie  wet  southwest  monsoon  depends  largely 
on  tlie  latitude  of  tlie  location.  In  late  May  or  early  June,  it  begins  in 
Ceylon,  south  India,  and  the  southern  tip  of  ltarma,  reaching  Bombay  early 
in  June  and  Calcutta  l>y  the  middle  of  that  month,  then  progressing  up  the 
Ganges  and  Brahmaputra  Valleys.  Tliese  conditions  continue  until  mid- 
September  in  Punjab,  mid-October  in  Bombay  and  in  the  Irrawaddy  Valley, 
late  October  in  Calcutta,  and  early  November  in  the  south.  In  the  winter,  rain 
is  brought  to  Ceylon  by  tlie  northeast  monsoon. 

It  is  during  the  summer  that  the  greatest  precipitation  occurs  in  China.  The 
southern  area  of  China,  with  JOtoli  inches  of  rain,  is  more  moist  than  the 
northern  area,  which  usually  lias  less  than  25  inches.  The  southern  region 
shows  much  kee  diversification  than  is  found  in  India  and  Burma. 

Table  47  presents  the  average  precipitation  and  seasonal  variation  in 
selected  localities  in  the  various  areas. 

In  India  and  Burma,  the  wet  (monsoon)  season  is  one  in  which  the  tem¬ 
perature  is  fairly  high  and  the  humidity  high.  Aa  the  season  progresses,  the 
humidity  becomes  higher  and  the  actual  temperature  lower,  although  the  per¬ 
ceptible  temperature  increases.  After  the  rains,  the  temperature  decreases 
and  the  cool  season  has  arrived.  This  continues  not  il  late  in  February.  Early 
in  March,  the  hot  season  begins  with  its  high  daytime  temperatures  but  rela¬ 
tively  void  nights.  This  condition  prevails  until  the  monsoon  breaks. 

Temperature  conditions  at  selected  localities  in  various  areas  are  shown 
in  table  48. 
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LOCAL  POPULATION  AND  MALARIA  ENDEMICITY 

As  is  well  known,  the  racial  fy|»es,  religion,  languages,  nml  cultures  found 
in  India  and  Burma  are  diverse.4  Many  races  other  t him  the  true  Chinese  lire 
found  in  China.  In  the  southwest.  es|>ecinlly.  where  most  U.S.  troo|»s  were 
stationed,  there  were  many  residents  of  other  racial  stocks.  Much  of  the 
area  is  over|K>]>iilated,  mill  troops  wen*  nlumst  constantly  in  close  association 
with  the  local  iiihahitants  ill  all  hut  a  few  areas.  This  was  |nirtly  because  the 
residents  were  living  in  proximity  to  tlie  various  supply  lines  and  also  because 
I n rge  numbers  of  labor  troo|is  mid  civilians  were  employed  in  various  (daises 
of  the  work.  In  China,  the  mission  of  liaison  or  supply  involved  continual  con¬ 
tact.  with  the  residents  nml  with  the  Chinese  Armed  Forces.  The  only  areas 
in  which  these  conditions  did  not  prevail  were  along  portions  of  the  Stilvrell 
Hoad,  sections  of  the  pipeline,  nutl  in  areas  in  north  Burniii.  Here  for  various 
reasons,  such  ns  general  inaccessibility,  limited  tribal  imputation,  or  evacua¬ 
tion  line  to  combat  activities,  contact  with  tlie  local  |M>pnlntion  was  more  limited. 

On  the  whole,  throughout  tlie  area,  local  housing  wns  poor,  sanitation  prac¬ 
tically  nonexistent,  and  public  health  work  limited.  In  some  |M>rtinns  of  India, 
control  measures  had  been  established  to  reduce  the  mahirin  incidence,  but  such 
activities  were  limited  by  lack  of  sufficient  funds. 

Malaria  is  the  most  im|>ortunt  disease  in  both  Iinlin  (map  21)  and  Burma 
(map  22)."'  In  India,  with  a  population  of  about  :18K  million  in  1M1,  it  has 
been  estimated  that  tliere  were  between  UNI  nml  200  million  cases  of  malaria 
nml  between  1  and  1%  million  deal  I  is  each  year  from  this  disease.*  In  Burma 
with  a  imputation  of  16,823,798  in  1941,  there  were  over  one-half  of  a  million 
(604,(49)  hospitalisations  during  the  year  IKK),  with  a  death  rite  of  214 
per  100,000  imputation  in  the  towns  alone/  Although  malaria  is  known  to  be 
a  major  problem  in  south  China,  statistics  concerning  its  frequency  are  not 
available.  In  some  instances,  U.S.  troops  were  stationed  in  arras  of  liyper- 
endemicity,  while  large  nnmlierx  were  in  areas  of  moderate  to  high  enilemicity. 

MALARIA  VECTORS 

The  anopheline  fauna  of  the  Indis-Burma  areas  are  very  diverse,  there 
being  more  than  50  known  forms.4  Over  one-half  of  the  species  have  at  some 

•  <1>  OIB.rt,  WUla»  H„  Jr. :  «r  IMU.  Saallkaaalaa  laatttatlaa  War  SiltruU 

IMm.  1U.  April  IMi  pp.  IT— IP.  (2)  Ddfaii,  H.  O. :  BuM-Oatvraj  to  CUm:  Mth- 
Mka  ItoHitln  fir  MftNri  INAm,  X*.  17.  October  1WS,  pp.  T-t. 

•  Of  the  lacallttn  Mtotri  by  inker  m  nap  XX  a  ariwtri  inkrr  an  ywwti<  iri  Meattted 
to  tato  ta. 

•  War  D^artmt  Trriatol  BaOotte  (TP  OTCDi  174,  laljr  INS. 

'  War  Dvpartanat  TnIiImI  BaIMJa  (TP  MKD)  T7,  2  ip.  1P44. 

•Tito  WmmUn  to  this  »rtii»  to  ■  Hap  with  mykrtto  habit*  mw4  Ihelr  rolrw  h  Tartars  mt 
antarta  hu  km  cnytM  from  tin  litoral  nr*  Ikstf4  Mow,  Tkt  iuImOm  wf  erWetce  yrvmM 
tkrn  has  ukn  Into  twndAnitlo*  kiewledf*  pM  by  I  ho  aitkor  while  a  awwWr  «f  the  .15th  Ma¬ 
laria  Nrrfjr  Dots  Hi  air  at  or  aw  Hasa  Beetloa  Mslarietofist,  as  wall  as  lafmwtlon  gslaetf  fm  pr* 
mmI  eoauetw  with  er  wrmpiHtoi**  from  mmmy  of  these  anthers,  U.S.  Army  Malaria  eoatrel  per 
eeaaH  la  these  I  hearers.  aa4  fm  Hail  rM  allM  ■lllUry  malrol  port  saw  I  wlthla  the  areas.  <•) 
Cfcrlatovfctra,  Sir  KirkarS:  lHMara.  Vaollr  CalMSar.  Trik*  AaapkrHal  (Taiaa  o (  Brltlak  MU 
IkHnltaf  Oyloa  aaS  Rama).  I -■»<«■  Tartar  a»S  I'nKt*.  OrlaVr  1*3*.  (31  CareU.  O. :  Xatra 

a*  I  ha  Dlatrtkaltna.  BmtUf  riaera,  AS  all  Ha  Ml  a  aa4  Malbw  la  Malaria  «f  tk»  .MoMlar 
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Mat  21.— Malaria  in  India. 


tine  or  place  been  found  infected  with  malaria  oocysts  or  sporoaoitoe,  but  only 
some  11  or  12  spec  ire  are  believed  to  be  important  vectors  (tables  49,  DO,  and  51 ) . 

at  Mia  M  tin  Far  Ini  1.  Malaria  laatltata  at  MU  4:  M--U4.  DmUr  IW 
(II  InnU.  Paal  inUa,  Lloyd  XL.  tad  Itai.  Alas :  Kara  la  tka  Anopbetlac  Moopaitoeo  ot 
tka  Warn.  WKk  Katas  an  IMt  IdoattSrattaa.  Halan.  aad  BaUllsa  U  Malaria.  FhltadalpMa : 
laurhaa  Matacaritultnl  SadHjr.  Iwhay  at  Natural  Bate  neat.  1*4*.  (4)  Ear.  D.  X. :  Th*  Fstaatlal 

Paasar  at  Aatplrtrc  lnuifl|i«i  U  A  nan  Indian  M.  Gas.  TT :  SIS.  Mar  1M.  (S)  Kata*  aa  tba 

Maas  bapaataat  Malaria  Vaatara  at  Saath  China.  Kant  MrMtal  Wrin.l,  Kattaaal  Kaaal  JMtcal 
Qatar,  BitXaada.  MS,  1*44.  (•)  Chuh.  K.  R,  T..  and  Ckowdhary.  M.  A ;  Ohaarrau^aa  aa  Aacpn pIm 

IHM«p»>raa  la  the  MM  Ana.  Upper  Aaaan.  1.  Malaria  Iaatttntc  at  India  4;  iaa-147.  Jaar 
1*41.  |T)  Kaaaty.  0.  C.,  Chandra,  B.  N.,  aad  lantntL  S.  A :  A  Haaaad  a*  aa  larnllaatlaa  ta  Da- 

•arafan  tka  AndropSBta  Indian  et  Cartala  Ancpkottao  Maaaaltan  CoUeeVad  aa  tka  Taa  Batataa  ta 
Aaaaai  aad  Xwtkrn  Sanaa!  Haaarda  at  Iks  Malaria  Sorrey  at  India  4 :  4*  43.  March  ISM.  (8) 
Kaswlaa,  Sihiri.  and  Santor-Whlta.  Saaald  A. :  Malaria:  Iti  lavratlgatlea  and  Control,  with  Special 
Btferonoo  ta  Mian  CandUlani.  Calcutta :  Thaeher,  Spink  and  Co.,  1KT.  (t)  Qaarierty  Bepert, 
Coaraltaat  Malarialoalat.  Allied  Land  Foret.  Snath  East  Aria  Coaaand,  Janaarj  Marrk  IMA  (IS) 
Part  I.  M. :  Sraaptle  Table  lac  the  MaaUScatlaa  at  tba  Aaapkrilaa  M—aattoca  at  India.  5d  adittaa. 
Health  Ballet  la.  No.  IV,  Malaria  Sanaa  X*  1.  India :  Delhi,  Manager  of  PaMleattaaa.  1M4.  Ill) 
MtnttiaM  Sarpaaa,  Brail  ana  rt era.  U.S,  Farcca.  lndtaBurma  Theater,  la  The  Sarpaoa  Oaaaral. 
M.  A my.  4  Map  1444,  aahjaat :  PaMIcattoa  at  aa  Article  aa  Malaria,  larisaara  He.  I.  Ot.rrrattoaa 
aa  Aanpkriee  IraesopAprac  Dan.  ty  Capt.  Loom  t*.  Kallrrt,  SaC,  aad  StaS  Sgt.  John  b  Rtlekenck. 


Table  49. — [attribution  of  tome  of  the  important  anopheline  rrriorr  of  malaria  in  trleeleil  portion «  of  Initio 
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Species  Characteristics 

The  characteristics  of  the  s|>eciesof  Anopheles  which  were  most  iiii[Mirtniit 
to  the  U.S.  troops  in  the  Cliiim-Hiirinn-liidiii  theater  are  iloscrilM'il  in  the 
imnigniphs  to  follow. 

Anopheles  nt/irifticii*  Giles  l'.Hll  is  a  widespread  species  tli.it  lias  lss>n 
found  breeding  ill  a  variety  of  situations.  Usually  it  is  found  in  fresli.  clean 
water  l>ut  occnsioinilly  in  brackish  water  and  often  in  irrigation  channels,  ]mols. 
overflow  water  collects  slow-moving  streams,  and  quite  frequently  in  wells. 

The  culexlike  adults  urn  small  to  medium  si  ah!.  They  feed  on  Imth  human 
and  cuttle  blood  indiscriminately.  Tiie  nntlimpopbilic  index  1ms  lieen  found 
to  vary  from  0.3  to  St)  percent  (the  hitter,  exceptionally  high  for  this  s|a*cies, 
is  believed  due  to  a  relative  absence  <if  cattle).  This  mosquito  isofteu  found  in 
houses  or  cowsheds  in  the  daytime  oil  the  walls  or  secreting  itself  in  holes;  tlint 
is.  among  dung  cakes  and  clinif.  Effective  flight  is  normally  nlmnt  one-half  of 
a  mile  but  may  extend  to  a  mile  under  favorable  climut  ic  conditions. 

This  species  is  the  most  ini|Mirtnnt  vector  ill  the  plains  of  India,  is  the 
only  vector  in  Ceylon,  and  lias  been  found  to  lie  of  importance  in  Yunnan. 
It  is  particularly  notorious  in  regional  malaria  epidemic-.  It  usually  lias  a  low 
infection  rate.  Iii  epidemics,  however,  it  Inis  been  found  to  have  sponnsoite 
rates  and  total  infection  rates  as  high  as  11.7  and  24.5  percent,  respectively. 

Anopheles  fluvial  ills  James  1902  is  a  widely  distributed  species  in  India 
and  Burma.  It  often  breeds  in  foothill  stream  edges,  stream  [Kails,  swiuiqia, 
irrigation  channels,  and  edges  of  swnmps  and  lakes.  Although  it  prefers 
sunlit  breeding  places,  it  ia  sometimes  found  in  partial  shnde.  Breeding  is 
often  in  the  immediate  vicinity  of  human  habitations. 

Biologically,  this  species  may  comprise  two  races.  In  south  India,  A. 
jtuviatilii  is  strongly  antliropophilic,  with  indices  as  high  as  97  percent.  On 
the  other  hand,  surveys  in  northern  India  show  indices  of  1.4  to  4.6  percent. 
This  strong  flier  ia  commonly  found  resting  in  houses  and  at  times  in  cowsheds. 

The  southern  form  is  an  important  vector,  with  total  infective  rates  of 
11  to  26.3  percent.  The  more  northern  form  has  been  found  naturally  infected, 
but  it  seem*  to  be  of  little,  if  any,  importance  as  a  vector. 

Anopheles  sinensis  Wiedemann  1828  is  the  commonest  Anopheles  in  China. 
It  has  been  found  to  breed  in  almost  any  collection  of  gnmnd  water  and  occa- 
akmally  even  in  artificial  containers.  It  has  been  found  in  ponds,  rice  fields, 
marshes,  ditches,  slowly  flowing  streams,  borrow  pita,  and  drains.  It  seems 
to  favor  open  water,  although  this  ia  by  no  means  a  rule.  Usually,  the  breeding 
habitats  contain  aquatic  vegetation.  It  is  predominantly  a  clean  water  breeder, 
although  in  Burma  it  has  been  recorded  from  foul  water. 

The  observations  on  biting  habits,  food  preferences,  daytime  resting  places, 
and  other  aspects  of  behavior  of  this  subspecies  vary  considerably.  Whether 
these  variations  are  due  to  ecology  or  to  physiological  races  within  the  sub¬ 
species  is  not  known.  In  some  areas,  this  species  appears  to  be  strongly  soo- 
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phi  I  ii'.  rarely  nttnekiiig  limn :  in  oilin'  arcus.  iclntivelv  large  peivcntngcs  of 
engorged  fcmulesjiiv  foniul  loeotilnin  human  blood.  Of  those caught  in  house*, 
practically  till  have  hntiiaii  blood,  while  most  of  those  taken  in  cowsheds  have 
cut  tie  IiIoimI. 

Its  role  in  ntalaria  transmission  varies  in  diirerrnt  pails  of  its  rattle.  It 
is  considered  to  lie  the  chief  vector  in  the  plains  of  I’liina.  IVliorevrr  it  oc¬ 
curs  in  appreciable  untnliers  anil  litis  nnthro|Mipliilic  feeding  habits,  it  is  n 
|Hiieinial  vector. 

Anoplwh'x  }i  i/porii  nxix  randidienxix  Knidxnmi  1‘>J4  has  a  widespread  dis- 
trihntion  and  isan  iin|Miiiant  vector  in  some  |Mirtionsof  its  range.  The  typical 
form,  Anophvh.x  jri/porintxix  p-yporirnxix  .Fumes  l'.Mfc*  has  raivly  been  found 
naturally  infected  and  is  not  considered  it  11 1 h irtmit  in  the  transmission  of 
malaria.  .1.  )rf//H>rirnx}x  rawlidictutix  is  most  frequently  seen  breeding  in 
grassy  slntl’ow  waters.  such  ns  seepages,  water  from  hillsides,  abandoned  rice- 
fields,  and  among  the  stubble  of  ricelields.  It  often  occurs  in  connection  with 
rice  cultivation. 

The  adult  is  mark-nlly  nnthropopliilie,  although  less  so  than  -1.  » ninimux. 
It.  also  attacks  domestic  animals.  Its  flight  range  1ms  ltren  recorded  as  ex¬ 
ceeding  one-ltnlf  of  a  mile.  Usually,  it  rests  in  houses  or  cattle  shells,  lint  in 
Ihirmn  it  is  reported  to  leave  after  feeding.  It  Inis  lieen  observed  biting  tiemdy 
toward  evening  in  tl»e  open,  but  usually  seeks  its  host  inside  habitations  or 
closed  shelters. 

-I.  jry/xirirnxix  nimlidien*ix  has  heen  found  naturally  infected  in  several 
areas.  It  is  a  vector  secondary  to  A.  minim  nx  in  the  foothills  but  lias  bail 
natural  infection  indices  as  high  as  10  jiercctit  during  epidemic  periods  in 
China.  In  the  llurnia  highway  area,  an  infection  rate  of  f». 55  |>erceiit  was 
found  in  1941.  It  should  be  regarded  as  an  iui|x>rtant  vector. 

Anopkelet  lenco«phyru «  Iruroxpkyrux  Donitz  1901  is  a  wild  species  usually 
breeding  in  deep  jungle  and  forest.  Larvae  have  been  found  in  heavily  shaded 
portions  of  rock  pools,  in  stagnant  pools  in  I  lie  beds  of  mountain  streams,  in 
densely  shaded  swamps,  and  in  borrow  pits  along  heavy  forest  roads.  At 
times,  it  has  been  found  some  distance  from  jungle. 

This  wild  species  apparently  feeds  on  humans  most  commonly  during  the 
middle  of  tlie  night.  Its  flight  range  is  probably  not  over  800  meters.  It  has 
most  often  been  found  resting  in  such  natural  situations  as  tree  trunks  and 
overhanging  banks.  However,  in  some  areas  it  liss  been  found  in  houses  or 
trapped  in  bed  nets.  In  Assam,  up  to  7fi  permit  were  found  to  have  taken 
human  blood. 

Until  recently,  tins  species  was  believed  to  lie  a  vector  only  in  Indonesia, 
but  it  is  now  known  to  be  of  importance  also  in  some  areas  of  Assam,  with 
infection  rates  of  3.1  to  4.9  percent  where  A.  minim**  is  less  plentiful.  It  is 
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probably  tl»-  chief  vcct or  in  :i(  least  some  ureas  of  noiilimi  I  In  rum:  for  in¬ 
stance.  it  s|s»roj!<iitc  rule  of  ±7  |k*htii(  whs  fonml  at  Shinghxviynii*!.  Burma. 

A nopltrtt'x  in iiriitufiiM  iwmihi/iiK  Theobald  HX>1  is  essentially  h  stream  and 
riverbed  bleeder,  xvilli  n  preference  for  springs  11  ml  scepagi*s.  It  is  n Iso  found 
ill  siniill  | tools,  ricclields,  hike  margins,  and  ditches  lint  seems  lo  prefer  pnHinllv 
shaded  ii mis  with  sniiilyor  rocky  liottoiiis. 

Tlit*  utlillts  enter  houses  mill  liitt*  man  readily  nt  night.  chiefly  lietween 
liltxt  iiikI  0*J(Ki  hours,  '•‘ht*  majority  leitve  after  feeding  mid  rest  outdoors, 
es|iecui11y  n It m jr  streini  '  mss.  in  some  ureas,  the  s|iecirs  up|N‘iirs  to  la*  more 
zouphilic  than  ill  otlie.  Imt  it  is  often  fonml  to  have  a  high  :int1im|>o|>hilic 
index.  An  effective  flight  range  of  more  than  one- ha  If  of  a  mile  1ms  I  sen 
found  iis  ii  result  of  recent  oliservntions. 

Although  but  fexv  nut nrnlly  infected  indiviilnals  have  lieen  fonml  in  tlie 
aivn  of  the  theaters,  it  has  liet>n  considered  oil  epidemiological  grounds  to  be 
a  vector.  In  the  area  of  the  Hurimi  highway,  it  is  piolwildy  a  secontlary 
vert  or  to  .1.  un'nlnni*. 

.  I  no/ihfhn  in  hi  ilium  mini  mu*  Tlieolaild  1901  is  fonml  in  eastern  ami  north¬ 
ern  India,  in  Ihirina,  mid  in  southern  t'liinn.  It  is  a  most  ini|M>rtiint  veetor 
in  Assam  ami  north  llnniui  and  is  lielieved  to  lie  tin*  most  im|Mirtnnt  vector  in 
south  Cli ilia.  It  breeds  in  clear,  unpolluted  slow-miming  streams  Hiid  springs 
with  grassy  margins  anil  in  irrigation  ditclies  anil  rhvlields  at  b»w  to  imxlrrata 
altitudes.  It  never  breeds  in  dense  virgin  jungle,  but  frequently  in  secondary 
j  it  n  tries. 

Tlie  chief  resting  place  is  on  tlie  walls  inside  dark  houses  the  majority 
being  ill  the  lower  one-half  of  the  room.  Ahout  90  percent  of  the  Mood 
feeding  takes  place  after  midnight.  It  is  a  highly  antlinqiophilir  form  often 
with  an  index  of  Wi  percent  or  more.  Kven  tlx***  fonml  in  the  open  or  in 
cattle  sheds  may  have  an  appreciable  |ierretit  of  human  hlotal.  It  is  interesting 
to  note  that  in  Hn-nan,  south  China,  A.  minim**  »|>parmt ly  leaves  habitations 
after  feetlinp. 

.1.  minim**  is  one  of  the  most  dangerous  malaria  carriers  because  of  ha 
domestic  habits  and  its  preference  for  hvman  Mnotl.  Large  numbers  of  dis- 
arctions  have  shown  total  infection  rates  va  tying  from  .1  to  I  Ml  percent.  This 
species  is  an  important  rrctorof  malaria  wherever  found. 

Anopkelt*  pattoni  Christophers  11W  is  found  in  China,  mainly  north  of 
90°  north  latitude.  As  a  result,  few  I'X  troops  came  in  contact  with  it. 
Breeding  occurs  chiefly  in  slowly  running  hill  streams,  in  rainwater  pools, 
and  in  riverbeds  with  sandy  bottoms,  usually  where  considerable  algal  growth 
is  present.  The  larvae  have  been  found  under  the  ice.  ami  the  species  is 
assumed  to  hr  able  to  pans  the  winter  in  this  stage. 

The  adults  are  apnsrently  zoophilic  as  well  as  anthropophilic.  It  is  con- 
shirred  to  lie  an  important  vector  on  epidemiological  grounds  wlterever  it 
occur*. 
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Anopheles  phUippincnsis  Ludlow  1902  is  a  widespread  species  and  is  an 
iui|H>rtaiit  vector  in  tlie  1  Wilful  urea.  It  lias  been  found  breeding  in  tanks, 
pools,  drains,  ditches,  swamps,  borrow  pits,  and  riretieids.  It  breeds  only  in 
clear  water  and  lias  a  definitely  limited  ecological  association,  some  types  of 
aquatic  vegetation  being  preferred  while  others  appear  In  be  inhibitory. 

The  adult  lias  a  definite  preference  for  resting  in  human  habitations, 
usually  near  the  floor.  Preferred  feeding  time?  seem  to  lie  from  2000  to  2200 
and  from  0200  to  0400  hours.  Although  nnthropophilic  in  Bengal,  it  seems 
to  be  definitely  zoophilic  in  Assam. 

Total  infection  rules  of  1.04  to  7.2  percent  have  been  found  in  Bengnl 
where  it  is  the  most  inqiortaiit  vector.  In  Assam  and  Burma,  it  is  not  generally 
regnrded  as  a  vector  of  iui]iortance  ( fig.  45) . 

Anopheles  Stephens i  Stephens i  Liston  1901  typically  breeds  in  wells, 
cisterns,  flowerpots,  discarded  tins,  roof  gutters,  and  other  temporary  water 
receptacles.  It  also  lias  lieen  found  in  such  places  as  ]  soils,  rivers,  si  mi  missis, 
sluggish  creeks,  and  drains.  It  can  tolerate  high  salinity  nnd  organic  pollu¬ 
tion.  Sunlit  breeding  places  a|ipear  preferred.  The  larvae  often  sink  to 
the  bottom  of  their  breeding  location,  remaining  tliere  for  some  time  so  that 
tliey  may  be  difficult  todiscover. 

Am  Stephens i  has  a  range  of  dispersal  up  to  m2J>  kin.,  perhaps  longer.  It 
readily  feeds  on  man.  Adults  occur  in  cowsheds,  barracks  ami  houses  but 
are  secret  ire  and  difficult  to  find. 

This  specits  is  an  important  vector  under  rural  conditions  in  western  and 
northwestern  India  and  under  urban  conditions  in  peninsular  and  northern 
India. 

Anopheles  sundaicos  Rodeuwaldt  192ft  is  a  broadly  ranging  species  tliat 
breeds  in  saline  water.  The  larvae  occur  moat  frequently  in  sea  water  lagoons, 
swamps,  and  collections  of  lmckish  water  behind  coastal  embankments.  The 
water  in  which  it  is  found  usually  has  a  saline  content  of  1.2  to  1.8  percent 
bat  occasionally  up  to  4  percent  and,  in  the  Ganges  Delta  area,  often  with  as 
little  as  0.4  percent.  It  usually  breeds  in  the  presence  of  algae. 

Adults  are  strong  fliers  and  may  travel  up  to  3  miles.  They  occur  in 
large  numbers  in  cowsheds  and  in  huts  and  other  human  dwellings.  Females 
generally  prefer  human  blood  and  hare  anthropophilic  indices  as  high  at 
St  percent  They  are  voracious,  occasionally  feeding  in  daytime  but  usually 
during  the  first  half  of  the  night. 

Anopheles  issdarsi  is  highly  susceptible  to  infection,  with  total  infsc- 
tirity  rates  up  to  23.4  percent  While  it  is  u.  ally  an  important  carrier, 
it  has  been  found  in  large  n ambers  where  the  incidence  of  malaria  was  low. 

Effect  of  Military  Activity  on  Mosquito  Breeding 

It  is  possible  that  in  the  rear  areas  mosquito  breeding  may  have  lieen 
•lightly  enhanced  because  additional  breeding  places  were  formed  as  a  mult 
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of  nwImtHn.  It  is  doubtful,  however,  whether  these  breeding  sites  caused 
uj  sctnsl  increase  in  the  moei|aito  population.  In  practically  all  areas,  the 
•atabiiaiuaant  of  some  type  of  control  around  camps  reduced  the  breeding 
sets*  Moreover,  these  new  breeding  situations  were  eliminated  as  soon  as 
they  were  noticed. 

In  the  combat  areas,  very  little  is  known  as  to  whether  or  not  mosquito 
production  was  increased  because  of  military  activities.  Throughout  these 
anas,  malaria  control  had  not  previously  been  attempted,  and  no  information 
regarding  breeding  or  prevalence  of  tie  disease  was  available. 
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lndip>nons  hilmr  was  nse<l  ihroiijrhnni  t lit*  theaters.  In  ninny  sec-lions, 
iliese  InlNirers  were  hi-nu^rlil  fiimi  hiIh'I1  ilisl riels.  In  |inti1iitilly  nil  iiisiniices, 
however,  lliest'  |K>rsoiiiiel  Imil  previously  lieen  cx|M»xed  lo  iiinlnriii.  Ilow  much 
this  added  to  1  he  problem  cannot  la*  iiscertiiined.  It  is  known  that  some 
of  these  groups  sulfereil  severely  from  iiinhiria.  Routine  e.\iiniitnitions  of 
thick-  ami  thin-blond  films  showed  iilnnit  20  |ieivesit  |M>silire.  tiumciocyte 
lull's,  however,  were  always  very  low. 

Prisoners  of  war  were  few,  ami  their  I'tiie  ami  ilisposifinii  was  in  the 
hnmls  of  the  Hritisli  authorities,  Inforiinitioii  eoneerniiii!  I  hem  is  given  later. 


MALARIA  EXPERIENCE 

The  annual  rales  for  malaria  nml  for  fever  of  nmlelevinineil  origin 
me  shown  ill  table  52,  by  month:  the  malaria  rates  are  depicted  in  chart  13. 
Tlie  amount  of  the  fever  of  undetermined  origin  which  was  actually  malaria 
cannot  lie  ascertained.  It  can  readily  lie  seen  that  malaria  was  a  major  problem 
to  troops  within  I  lie  area.  Transmission  did  nut,  Imwever,  continue  throughout, 
the  year  in  nil  portions  of  the  theaters.  In  examining  these  lignrcs,  it  should 
he  mited  that  suppressive  treatment  was  started  in  the  urea  forward  of 
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SliiiifiliwivinK,  in  April  1#44,  and  was  extended  to  include  all  forces  east  of 
the  Brahmaputra  River  by  February  IMS.  In  April  1M."»,  Atabrine  suppres¬ 
sive  therapy  was  initiated  in  a  large  portion  of  tbe  China  theater  (chart  14).* 
These  were  regions  of  high  endemicity  (maps  21  and  22).  In  certain  organi¬ 
sations,  Atabrine  suppressive  treatment  was  discontinued  late  in  IMS. 

The  malaria  rates  in  the  \  a  nous  sections  of  the  India- Burma  theater  and  in 
the  China  theater  varied  considerably,  as  ran  be  seen  in  tables  53, 54, 55,  and  M 
and  in  charts  14,  16,  and  17. 

Malaria  rates  for  most  of  IMS  among  troops  stationed  along  the  St il well 
Road  are  shown  in  table  57.'*  Given  for  comparison  are  the  predicted  rates 
•applied  by  British  aathorities.  From  table  47,  it  can  be  seen  that  even  with 
tha  limitation  of  the  malaria  control  program  at  that  period  its  eRctency  proba¬ 
bly  materially  redared  transmission. 
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Owing  to  the  changing  of  names  and  of  geographic  limits  of  the  various 
sections,  the  following  terms  for  the  areas  are  defined  (map  1!)) :  The  Hose 
flection  included  all  of  Iudin  in  which  there  were  troo|>s,  except  Assam.  The 
Intermediate  Section  comprised  all  of  Assam  except  the  portion  from  the 

4’iiaet  M. — Attack  rate*  for  Mufarto.  Hn*c  Section,  Inriin-Hurmn  theater ,  /fljf-f. i 
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Mnrglierita-Ledo  urea  eastward  lo  tin*  Burma  lmrder.  Tin*  Advance  Section 
comprised  the  Mnrprlieritn-Ijeilo  area  of  Assam  east  to  the  Burma  lmrder  and 
all  of  Burma  that  I'.S.  or  Chinese  troops  occupied.  Included  in  this  is  the 
territory  of  the  Northern  Conduit  Aren  Command.  The  term  •‘Chinn  theater” 

Chart  i*t. — Attack  cut'  fur  tuuluru,  Intermediate  Section.  I  udiu-tturma  theater,  iU } }-$■» 
[Km**  fijireimMl  ns  iiuiut*  r  of  eimes  |**r  tmniiui  |tt*r  1.00U  av**rns«*  xtrt-njNh  ] 
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Table  tt. — Attack  tale*  far  malaria,  JmlermaJiak  Median,  Inttia-Hvrmm  theater.  1944-45 
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has  been  used  for  :ill  tin*  area  of  t lint  country  in  which  theiv  were  l’.S.  troops. 

Item  iim*  of  the  sniltml  distribution  of  till  Army  Air  Koin  e  troo|i>,  infor¬ 
mation  alxuit  these  forces  is  not  jri vet t  separately.  Tltcir  imthiriti  incidence  is 
included  in  tlisit  of  t lie  aren  in  which  they  were  stationed. 

Chart  17. — .Iflwck  rutm  fur  mulurin.  AHrmnn-  & irliitH.  /uVin/lnwn  thahr,  lU\.iy, 
[Knit*  4*x|ire*Mtl  it h  numlM'r  «*f  nine*  |mt  iinnum  per  1.000  uvemve  *tn*ngth] 
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1  .loathly  IneWroer  prrrmt  pmUcWU  by  BritUh  uuthorUk-*. 

•  By  this  time,  »  coasMrrnblr  quantity  of  native  labor  ha«l  been  Import^.. 


It  must  be  realized  that  malaria  data  have  numerous  sources  of  error. 
The  amount  of  malaria  that  was  undiagnosed.  fever  of  undetermined  origin, 
as  well  as  the  movement  of  Army  Air  Force  ]iersonnel  actually  contracting  llie 
disease  in  one  area  but  being  hospitalized  in  anotlier,  seems  to  hare  been  about 
equal  in  tlie  different  divisions  of  the  theater.  However,  the  number  of  cases 
for  which  records  were  not  turned  in  (treated  in  quarters)  and  the  amount  of 
clinical  malaria  reported  was  probably  greater  in  the  Advance  Section  than 
in  other  areas.  Until  the  middle  of  IMS,  the  Advance  Section  and  China 
theater  hospitalized  more  malaria  patients  who  had  contracted  the  disease 
outside  the  limits  of  their  areas  than  did  the  others."  After  that  time,  the 
Base  Section  figures  show  the  same  disproportionate  share  of  malaria.  This 
condition  was  brought  about  by  troop  movements.  Moreover,  the  administra¬ 
tion  of  Atabrine  suppressive  treatment  to  combat  forces  in  June  1944  and  to 
those  forward  of  Shingbwiyang  further  confused  the  figures  in  the  Advance 
Section.  After  February  1946,  all  troops  in  the  Advance  Section,  the  Inter¬ 
mediate  Section,  and  a  portion  of  the  Base  Section  were  receiving  Atabrine 
suppreesive  treatment.  Similarly,  Agares  from  the  China  theater  are  confused 
by  the  fact  that  first  some  of  the  combat  forces  and  later  troopa  in  various 
portions  of  the  theater  were  placed  on  anppremire  treatment. 

Epidemic  Malaria 

The  only  special  epidemic  in  the  China-Bo rma-India  theater  occurred  in 
the  F '.radii  area,  Sind  Province,  India,  in  the  fall  of  1944  (table  68).”  In  this 
area,  as  in  moat  others  within  the  theater,  the  close  proximity  of  a  highly 

”  Letter.  Safi » a.  Unit—  Hen.  TaU  Air  Pam.  DA  Army,  t*  Theater  MtltrMliW*.  OSn  «f 
the  aaistta.  Star  Bcheieo,  BtaSaaartera,  US.  Army  Feme.  Chlae-Sanaa-laSta.  ST  Nee.  IMA 
•  Mftteita  Cahtral. 

»  Bf  Hal  TtttSal  Data.  C.S.  Amy  rente,  IeSU-Banu  theater,  ftr  IS  Oet.-JS  Her.  1*44, 
Sated  XT  Dee.  1*44. 
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infected  human  reservoir  of  parasites  and  of  efficient  vectors  represents  the 
potentiality  for  an  epidemic. 

The  Sind  Province  is  usually  coni]>nrative)y  dry  from  July  to  September, 
even  though  this  is  the  so-cnlled  wet  season.  But  during  1944,  heavy  rains 
occurred  in  July  and  August,  creating  numerous  mosquito  breeding  areas. 
Weather  conditions  were  near  the  optimum  for  breeding  and  transmission. 
The  menu  minimum  temperature  was  SO5  F.,  or  above,  in  the  period  June 
through  August;  practically  80°  F.,  in  September;  and  then  it  dropped  to  73.7° 
F.,  in  October.  These  factors  produced  an  explosive  epidemic  starting  early 
in  September.  The  spread  of  the  disease  was  undoubtedly  nided  by  the  fact 
that  the  previously  low  rate  for  malaria  in  this  area  had  produced  a  false 
sense  of  security.  As  a  consequence,  there  was  a  general  hqtse  of  malaria  pre¬ 
cautions  and  failure  to  take  seriously  the  warnings  issued  concerning  the  possi¬ 
bilities  of  a  malaria  outbreak.  Soon  after  control  was  started  in  the  area, 
satisfactory  results  were  achieved  (table  58).  The  effect  of  rapid  institution 
of  malaria  control  under  such  circumstances  cannot  be  overemphasized. 

Table  58. — Epidemic  malaria  in  Karachi,  India,  July  through  December  1914 
(Hair  eiprritl  *s  number  of  emir*  per  annum  per  l  $00  averupr  vtrmgth) 


Month  Kate  i  Rainfall 1  Variation 

|  trvHjj  normal » 


I  lacier  ImcbfM 

July . - . .  28  i  11.2*  j  +  *.08 

August .  62  ia  1U  +11.63 

September.  . . . . . .  221  i  O  —0.52 

October . .  1,085  0  -ft  02 

November - - - - - -  31V  j  (*)  (’) 

December .  *  14V  I  (»)  (*) 


>  Fim  Mii.»im  ■n»«l  by  lb.  U.8.  Wmlfcar  IbwH. 
iWmMmatinUb, 

•  CMMta.iimii.mta. 

Source,  of  Difinltjr 

la  all  portion*  of  the  theaters  when  then  wen  troops,  malaria  was  present, 
often  highly  endemic,  and  in  certain  anas  hypenndemic  (maps  Si  and  Si). 
With  thin  situation  and  with  the  impossibility  of  separating  troops  from  the 
local  population,  only  the  application  of  all  feasible  means  of  malaria  control 
conld  hasp  the  ratca  from  being  excessive.  Unfortunately,  at  the  taut  of  opera¬ 
tions,  both  antimalaria  supplies  and  personnel  wen  insuAeieut  to  establish 
control. 

At  first  such  supplies  as  wen  available  to  the  British  wen  shared  with  the 
U.S.  forces,  and,  in  addition,  permission  was  given  to  procun  mosquito  netting 
and  other  supplies  locally,  even  though  all  supplies  wen  short  Thousands  of 
labonrs  wen  made  available  for  drainage  projects  and  for  the  construction 
of  mooquitoproof  quarters.  Many  troops  did  not  have  miAcient  instruction 
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in  malaria  prevention,  and  malaria  discipline  was  lax.  Intimate  contact  with 
the  highly  infected  reservoir  imputation  while  working  in  uncontrolled  ureas, 
where  most  personal  protective  measures  were  all  hut  in>l>ossihle,  helped  to 
increase  infection.  Education  was  stressed,  and  malaria  discipline  improved 
as  soon  as  the  ini[*ortHiice  of  the  problem  was  recognized.  When  U.S.  Public 
Health  Service  personnel  lmcnme  available,  all  the  nntimalnria  work  was  greatly 
stimulated.  As  supplies  and  personnel  became  available,  areas  were  brought 
under  control  and  rates  dropped.  After  the  use  of  DDT  wns  instituted,  still 
further  reductions  were  noted,  and  finally,  with  employment  of  general  Atabrine 
suppressive  treatment  in  the  more  highly  endemic  amis,  rates  showed  a  further 
decrease.  Wlien  all  tliese  various  menus  were  in  operat  ion,  the  rates  dropped 
to  a  small  fraction  of  what  tliey  had  been  in  the  early  days  of  the  Chinn- Burma- 
India  theater. 

As  shown  in  maps  21  and  22,  malaria  is  prevalent  to  a  varying  degree  in 
practically  all  areas  of  the  theater  but  was  most  prevalent  in  the  areas  with 
the  largest  numbers  of  troops— Upper  Assam  and  north  Burma.  Snrveys  by 
malaria  i>ersonnel  and  local  civilian  assistants  substantially  verified  these 
findings. 

Malaria  in  Prisoners  of  War 

Only  a  few  prisoners  of  war  were  ever  questioned  by  U.S.  forces  regarding 
malaria,  but  some  captives  from  nort  l»eni  Burma  revealed  that  malaria  was  very 
prevalent  among  the  Japanese  forces.  Working  through  an  interpreter,  the 
following  information  was  obtained:  “Eight  out  of  every  10  men  had  it.” 
“They  all  had  malaria  at  once.”  “Ninety  percent  had  it.”  “Three  out  of  every 
10  men  were  sick  with  malaria  at  all  times.”  “Some  men  had  it  8  to  15  times, 
many  had  it  3  to  4  times.” 

The  British  found  that  6  of  19  prisoners  from  the  18th  Division  (which  had 
been  operating  in  Burma  and  China  for  some  time)  had  malaria  parasites  in 
their  blood  (31  percent),  and  3  out  of  11  miscellaneous  troops  (27  percent).” 
No  evidence  of  malaria  was  found  in  22  prisoners  from  the  45th  Division.  The 
British  also  received  such  statements  from  prisoners  of  war  as  “every  soldier 
in  Burma  has  malaria  at  least  once.” 

The  number  of  items  for  prevention  gathered  from  the  battlefield,  such  as 
head  nets,  mosquito  gloves,  and  repellents,  indicated  Japanese  recognition  of 
the  problem  and  attempts  at  control. 

ANTIMALARIA  ORGANIZATION  ” 

In  early  1942,  there  was  no  specialised  organisation  for  malaria  control  in 
the  theater.  Control  was  a  responsibility  of  individual  commanders.  Pie- 

“iff  fsMBstv  8  (t>,  p.  3T»7. 

” TTalrms  wtlwrwiw  hwMwlsi  data  la  this  srrtln  art  (krlwi  fna:  (1)  Haiti,  Ftaak  A.:  A 
Itlatory  of  Malaria  Caatral  ictMtlw  la  the  CMaa-Pw— IaAto  Theater  froa  Jaljr  I  M2  to  Jaljr  1M4. 
(CMMal  racer*.]  <3>  lUfart,  MaJ.  Mast  A,  Carter.  ItC,  tfrartjaarter*.  Rewteea  at  8 aptly,  tJ.8. 
Pare**  hi  CMm  Thwter,  tt  Oet.  IMA,  nh)eet:  Hittary  Malaria  Ce*tn4  5a  the  Cfclea  Theater. 
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ventive  measure*  consisted  of  unit  mnlnriti  discipline  mid.  in  rare  instances.  of 
attempts  tty  individual  coninmnds  to  carry  out  cnvironineiihil  coni  ml 
operations. 

In  Alay  1!>42,  tlie  I  \S.  1'iihlic  Health  Service  Medical  Coni  mission  to 
the  Yiinnaii-Iinrma  lt«il wiiv  was  sent  to  K’liii-miiig.  detailed  by  the  War 
Department  for  duty  with  the  inilitiiry  mission  to  China.  Tlie  Cominission 
was  assigned  to  Headquarters,  Services  of  Supply,  tlieoretically,  to  tlie  Office 
of  the  Surgeon.  However,  urgent  need  for  engineers  for  the  construction  of 
airfields  necessitated  the  assignment  of  most  of  the  sanitary  officers  to  cmi- 
Rtmction  duties,  with  sanitation  ns  a  secondary  duty.  Soon,  tlie  Chief  of  tlie 
Commission,  Lt.  Col.  Victor  11.  Hums,  AH’,  liecnine  in  effect  the  first  chief 
of  preventive  medicine  and  malariologist  for  tin?  tlienter.  At  larger  I'.S. 
Army  installations,  the  chief  sanitary  engineer  undertook  general  sanitary 
surveys,  while  the  entomologists  began  malaria  surveys.  In  time,  tliese  surveys 
gradually  developed  into  control  programs,  insofar  as  limited  trained  per¬ 
sonnel  and  extremely  limited  supplies  permitted.  During  this  period,  supplies 
were  procured  by  Sendees  of  Supply,  wlierever  they  were  available,  on  rec¬ 
ommendation  of  the  U.S.  Public  Health  Service.  However,  control  depended 
chiefly  on  tlie  starting  of  such  |iemiaiient  measures  as  draining  and  filling. 

As  manpower  wastage  from  malaria  was  considerable,  tlie  theater  surgeon 
recommended  the  creation  of  a  special  organization  for  malaria  control.  The 
commanding  general  approved,  and  the  position  of  theater  malariologist  was 
created  and  tilled  by  February  1043. 

In  the  absence  of  theater  directives,  the  officers  of  the  1'A  Public  Health 
Service  outlined  standard  operating  procedures  to  be  established  wherever 
they  were  assigned.  In  place  of  trained  personnel,  they  persuaded  command¬ 
ing  officers  to  detail  small  squads  to  carry  out  environmental  control  measure* 
under  their  supervision.  This  system  worked,  bat  a  precedent  was  established 
which  later  became  troublesome.  This  disadvantage  was  that  the  preventive 
medicine  malaria  control  program  appeared  to  be  entirely  a  Services  of 
Supply  operation.  It  was  not  intended  that  major  commands  in  the  theater 
should  relinquish  their  reeponsibilitiee  even  though  only  Services  of  Supply 
had  the  personnel  and  supplies  available  to  exercise  control  measure*. 

When  the  War  Department  announced  the  organisation  of  malaria  control 
detachments,  four  such  organisations  were  activated  in  the  China-Burme-Iadia 
theater.  Initially,  UA  PnbKe  Health  Service  officers  and  casual  Medical  De¬ 
partment  enlisted  mm  available  within  the  theater  wan  to  fas  need.  This 
did  not  prove  satisfactory,  since  these  officers  were  attached  to  the  UA  Aisey 
from  another  service  and  could  not  assume  eomaaaitd  duties.  As  soon  as  pas¬ 
sible,  they  were  replaced  by  Sanitary  Corps  officers  flown  out  from  the  United 
States. 

In  March  1943,  when  the  earliest  phase*  of  the  malaria  control  program 
for  the  year  were  commenced,  there  had  been  a  shift  in  tlie  theater  organi¬ 
sation.  This  removed  Services  of  Supply  from  the  controlling  position  and 


37# 


<  O.MJIIN ICA Ill.K  1 USKASKS 


plum!  all  personnel  under  the  rnitminml  of  the  theater  surgeon.  Mnliirin  con¬ 
trol  and  survey  units,  which  begun  to  arrive  at  the  end  of  May  1943,  were 
considered  “t lie* ter"  troojw  even  tltongh  nttaclied  to  and  in  effect  <>]*•  rating 
under  Services  of  Supply  commands.11 

The  next  organisational  outline  established  for  malaria  control  assigned 
final  supervision  to  the  theater  rattier  than  to  Services  of  Supply  malnriologists. 

Services  of  Supply  section  commanders  remained  res|>onsilile  for  environ¬ 
mental  antimalaria  activities.  They  were  required  to  use  theater  malaria 
control  personnel,  including  the  assistant  theater  nuilariologist,  who  were  only 
attaclied  to  Services  of  Su]>ply  for  administrative  pnr|s«ses  and  duty.  This 
program  was  confusing  to  tlie  jiersonuel  actually  in  the  field.  Those  wlto 
were  < carrying  out  malaria  control  activities  were  not  directly  responsible  to 
the  commanders  in  the  areas  where  they  operated.  These  commanders  could 
not  deal  with  their  operating  personnel  except  through  a  separate  and  higlter 
echelon. 

This  objection  was  partially  overcome  on  7  August  1943,  when  the  ( Van- 
manding  General,  Services  of  Supply,  was  authorised  to  move  personnel  from 
one  Sen-ices  of  Supply  section  to  another,  providing  concurrence  was  obtained 
from  the  theater  malariologist  or  his  assistant.1*  Iliis  still  left  a  double  line 
of  administration.  It  did,  however,  give  local  commanders  greater  freedom 
in  carrying  out  their  responsibility  for  environmental  control. 

Because  of  critical  shortage  of  suppliers  all  items  used  in  the  control  of 
malaria  were  brought  under  Medical  Department  jurisdiction."  Requisitions 
were  edited  and  distribution  was  made  on  the  recommendation  of  the  theater 
malariologist.  The  scale  of  issue  was  based  on  troop  strength  and  relative 
malaria  hasard  in  various  areas.  Further  distribution  of  supplies  was  made 
by  the  assistant  malariologist  of  these  areas.  The  control  of  supplies  was 
exercised  far  mom  diligently  by  the  theater  malaria  control  supervisors  than 
was  control  over  the  units.  This  was  due  to  the  fact  that  the  units  were 
assigned  to  extremely  large  arras  and  that  they  could  scarcely  aver  bn  in 
nonea  wham  the  need  for  their  services  was  not  great.  On  the  other  hand, 
■applies  warn  so  scam  that  urict  care  had  to  be  maintained  to  see  that 
they  were  distributed  to  critical  points  at  critical  tunes. 

This  qrdan  waa  not  without  unwieldy  charactsrwtiea.  The  iatsmalim 
af  two  command  headqaartew  between  supe nr  ieory  and  operational  aathnalaria 
psrsonmsl  mat  aQ  actica  a  long  way  around  helm  it  wont  into  affect.  With 
the  thought  of  tUuMuatiag  nun  of  tbs  diandvaatnai  and  the  dual  r  ream  and 

Oautrol  Rrgimmt."  Although  interest  in  this  idea  continued  autil  Into  far 

•  UsMtUas.  Mai  IM  JL  Hurts,  MC,  U  taUM,  SsttWss  s »  Sspetr.  CM»(sn»Mh 
SwSm^jSua*.  ■SSrt:  Crtltnl  AasIvW*  > I  Uu  Or— Ussttss  «r  KsUrts  CSwUst  Is  tlw  CMss- 

■cikUu  a*,  a  n*M  aesu  nissuwmn.  ujl  aw  rwm,  man  awn—  uu»  rusts. 

TAw  IMt  ssUrtt :  TUtUr  ISaxttx  mm  Malaria  Cwttsl 

■  ausnias  a*,  in.  ana— irtin.  iinUn  ■(  aseetr,  tx  Ana  IWU,  cm— a—  an, 
UMran. 
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1944,  the  more  conventional  forms  of  organisation  continued  to  be  uaed.  At 
the  end  of  June  1943,  the  theater  surgeon's  staff  was  further  increased  by  the 
designation  of  four  assiata.it  theater  malariologista. 

In  December  1943,  the  title  of  saalariologiata  was  abolished  hjr  the  theater 
commander  and  was  replaced  by  that  of  medical  inspector  special  (snalar- 
iologiat).  The  duties  of  this  oftrer  were  as  follows : 


378 


I  •«  I.XIMI  X  H'A IM.K  I  >1 SK.VSKS 


('ll akt  111.--  1 tutor t*t  hiw/ik/  ttrtfunisHl r»»M,  IwliH'ltHt'Htfi  !hvnhr%  f  Jrfoft##*  I?*}} 


planning,  and  recommendation.  Tlie  remainder  of  the  organisation*  took 
over  independent  operation  in  each  of  the  aereral  commands  to  which  they  were 
assigned.  At  this  tune  an  all-incluaive  theater  directive  governing  malaria 
control  practice*  and  policies  was  prepared  by  theater  mkriehinda  Accord¬ 
ing  to  the  new  directive,  peceonal  protective  measures  were  to  be  enforced  by 
command  discipline.  Services  of  Supply  was  made  responsible  for  control  of 
malaria  and  was  ordered  to  direct  its  met  ion  commanders  to  take  all  necessary 
action.  Procurement  and  iaans  of  supplies  remained  with  .Services  of  Supply. 
Monthly  reports  of  the  maktrMogMts  in  each  Services  of  Supply  section  were 
to  be  mot  to  theater  headquarters  rather  than  to  Services  of  Supply 
headquarters. 

The  new  arrangement  was  not  ml  ^factory.  The  Air  Forres  protested  that 
the  new  directive  was  contrary  to  established  regulations  in  that  it  relieved 
unit  and  area  commanders  of  their  responsibility  foe  the  initiation  and  enforce¬ 
ment  of  malaria  control  measures.  The  practical  disadvantage  to  the  arrange* 
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limit,  insofar  iis  tin*  Air  Force  wns  concerned.  mum  tlmt  I  lie  deployed  Army 
Air  Force  troo|ts  were  likely  to  come  under  tlie  jnrisdict  ion  of  several  ilitfeient 
inaltirin  control  programs  inul  agencies.  Willi  these  objections  Services  of 
Supply  agreed.  Wliile  elements  of  niNliirin  conti'ol  mill  the  activities  of  nuti- 
malarin  units  might  conceivably  be  delegiited  to  Services  of  Supply,  it  Mas  not 
apparent  how  the  Air  Forres  could  la*  relieved  of,  or  Services  of  Supply  assume 
the  re8|M>nsibility  for  malaria  education,  discipline,  and  tlie  enforcement  of  con¬ 
trol  measures.  It  was  also  obrions  tlmt  since  environmental  measures  were 
an  integral  part  of  tin*  discipline,  tlieae  activities  could  ma  la*  entirely  divorced 
from  other  roiinmiiid  tvs|M>nsihilii  ies.  lies|Mi!isihility  for  coordination  and 
advice  was  too  completely  removed  from  o|>enilions  lo  bring  the  nmlnrin  <s>n- 
tnd  profrniin  to  a  hit'll  decree  of  effect iveness.  A  second  defect  was  the  lack 
of  centralized  or  nuifonii  |ailicy. 

The  solution  to  the  problem  was  the  consol illation  of  tlie  staffs  of  tlie 
theater  and  the  Services  of  Supply  surgeons  ( General  Orders  A‘o.  104,  on 
22  Aug.  1!44).  This  merger  solved  the  majority  of  difficulties  which  had 
arisen  out  of  tlie  confusion  of  command  ill  technical  channels  of  authority. 
Ill  the  realm  of  malaria  control,  tlie  fact  tlmt  Services  of  Supply  had  malaria 
control  iienmtinel  assigned  to  it,  while  tlie  theater  hail  tlie  nmlariologists  and 
most  of  tlie  other  preventive  medicine  personnel,  made  little  or  no  difference, 
since  all  metulierx  of  tlie  staff  were  unified  under  tlie  directioii  of  tlie  deputy 
theater  and  Services  of  Sii|iply  surgeiai.  Kven  tlie  formality  off  preserving 
the  identity  of  tlie  two  staff  sections  la-vaine  iinnecesHary  in  May  184.V,  wlieu 
the  Services  of  Supply  was  alworlird  into  a  single  tlieatrr  command. 

The  China  area  until  (letnlvr  1044.  alien  it  liecamc  a  separate  tlieater, 
was  administered  as  mie  of  tlie  major  sections  off  tlie  ('hina-Mnnna- India 
tlieater.  After  separation,  a  theater  headquarters  was  establislied.  In  January 
1844,  a  malariologist  for  the  area  was  ap|xiinted.  In  Murrh  1144.  malaria  con¬ 
trol  was  made  a  function  of  ServnTs  of  Sup|>ly.  After  October  1045,  the 
duties  of  malariologist  were  assumed  by  tlie  theater  medical  inspector.  With 
limited  personnel  and  equi|>ment,  control  measures  liad  to  lie  confined  to  the 
larger  installations. 

Although  for  a  great  portion  of  the  time  tlie  various  section  commanders 
were  responsible  for  malaria  control  measures  ami  distrilmtion  of  supplies, 
there  functions  were  supervised  either  from  Services  of  Supply  or  theater 
headquarters.  These  various  section  headquarters  issued  their  own  malaria 
control  directives.  In  most  major  fret  men,  the  directives  were  essentially 
similar,  varying  in  minor  respects,  relating  mainly  to  physiographic  ami 
biologic  differences  in  malaria  epidemiology. 

For  all  practical  purposes,  no  great  distinction*  were  made  let  ween  for¬ 
ward  areas  and  rear  areas  in  regard  to  this  program.  As  already  stated,  the 
Army  Air  Force  installations  had  command  responailHlitv  for  malaria  disci¬ 
pline  and  such  preventive  measures,  but  the  physical  control  measures  were 
carried  on  by  the  troops  assigned  to  Service*  of  Supply.  At  this  late  date, 
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it  is  practically  inqiossilile  to  follow  the  eccentricities  of  the  developing  plana 
of  the  sections.  Throughout  the  theater,  the  program  was  varietl  to  meet  the 
immediate  needs  of  the  problem  at  limul.  The  assistant  nialariologists  in  the 
various  sections  had  free  reign  to  make  such  modifications  in  existing  programs 
as  they  deemed  necessary  for  the  ndeqiiHte  and  prompt  nmtnil  of  the  disease. 

For  the  most  part,  the  activities  of  mnlnria  control  in  this  theater  were 
carried  out  by  a  self-contained  organization.  However,  liaison  with  the  South¬ 
east  Asia  Command  was  permanently  initihliiinetl.  At  times,  the  consnltnnt 
malariologist  for  this  command  undertook  s|>ecinl  research  in  connection  with 
the  development  of  programs  within  the  theater. 

Extracantonmental  Control 

From  the  lieginning  of  the  progmni,  it  was  obvious  that  some  °xtrn- 
cantonnieiit  sanitary  control  was  necessary  if  adequate  protection  was  to  lie 
provided.  It  was  recognised  that  this  could  not  lie  carried  out  effectively  by 
1T.S.  authorities  because  of  tlie  unusual  relationship  which  existed  between  tlte 
Central  ami  Provisional  Governments;  liecanse  of  language  difficulties,  each 
are*  having  a  different  dialect ;  and  most  important,  liecanse  of  religions  cus¬ 
toms  which,  for  example,  made  ini|Mssible  tlte  spraying  of  the  Moslem  Issues 
by  a  squad  of  “GI’s.”  By  working  through  General  Headquarters.  India, 
the  Central  and  Provisional  Government*  were  contacted  early  in  1JM.1.  and 
they  instituted  a  program  of  extracantonment  environmental  and  sanitary 
control  around  many  of  the  larger  l’.S.  Army  installations.’* 

In  the  Calcutta  area,  two  otlier  procedures  were  followed.  In  some  of 
the  outlying  arras,  an  arbitrary  division  was  nude  so  that  U.8.  forces  controlled 
one  side  ami  British  or  Indian  forces  took  care  of  the  other.  These  projects 
were  made  effective  by  clour  liaison.  In  tire  large  dock  ami  warehouse  district, 
control  was  placed  in  the  hands  of  tire  Garden  Bench  Anti-Malaria  Associa¬ 
tion.’*  Tli is  eAcient.  cooperative  organisation  was  paid  to  control  certain 
areas  and  thns  could  aagment  it*  existing  program  to  include  the  territory 
ocmpicd  by  UA  forces. 

Anti  malaria  Details 

Under  the  authority  of  War  Department  Circular  Xo.  OX,  dated  21 
Kepteaaber  IMS,  and  the  India-Bunna  theater  Circular  Xo.  11,  dated  31 
January  IMS,  antimalaria  details  were  formed  in  all  companies  and  similar 
organisations.  They  carried  out  simple  antimosquito  measures  such  as  main¬ 
taining  moequitoproofing,  aerosol  spraying,  ditching,  and  krririding.  At 
times,  they  did  the  highly  beneficial  residual  spraying  (with  5- percent  DDT) 
and  maequitoproofing  within  their  own  organisations.  Their  dutie*  were 

"  Mkr.  ASeHtaaaJ  Posy  amatory  to  tto  Owiwal  *r  IMU.  to  an  rmtaritl  Ocmaanh : 
Tto  Ifni  to  tto  OtoWT  ft*!*  IwUnt  aaA  AM  Canatotoif.  Batorklataa :  Tto  CMS  Caa>- 
mtmUmrr,  MM,  11  Intf  1044.  ntjirt :  Hnnw  to  IH»n  tto  KM  aT  laMto  to  r.S  A  nay  tom 
Cla*  CaaaaS  to  JMeMtorlas  Yllltri. 

a  Aaaaal  Paean,  Unrtrjr.  Oartoa  Iw4  Aatt-MaUrto  Xaaartattos.  Caleatta.  IHt  tl. 
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undertaken  after  preliminary  training  with  the  malaria  control  detachment 
or  tnnler  the  sii|#>rvi*ioii  of  the  hiittnlion  surgeon.  These  units  were  not  at 
all  times  effective;  for  example,  when  the  personnel  were  nsetl  for  other  duties 
anil  did  not  have  time  to  attend  to  the  malaria  program.  This  was  especially 
true  where  the  medical  section  was  made  responsible  for  these  activities. 

Most  of  these  details  should  lie  descrilied  as  antimosquito  details  rather 
than  antiinalaria  details.  Their  work  ns  a  rule  eliminated  nninennis  breeding 
areas  for  |iest  mosquitoes.  Most  of  the  anopheline  vectors  of  malaria  did  not 
breed  in  situations  which  the  details  controlled.  However,  their  effectiveness 
in  the  overall  picture  should  not  lie  forgotten,  because  some  malaria  was 
undoubtedly  prevented  by  tlteir  efforts. 

Malaria  Laborers 

Most  of  the  malaria  mosquito  control  projects  required  extensive  labor, 
due  to  the  to|iographical  conditions  and  to  the  inck  of  available  mechanical 
equipment.  In  ortler  to  facilitate  the  work,  large  mtmliers  of  laborers  were 
employed.  Most  of  them  were  hi  ml  by  the  Army  ami  had  had  no  previous 
experience  with  this  type  of  work.  Some  were  supplied  by  the  Indian  Tea  Har¬ 
den  Association.  In  addition,  India  Pioneer  f’orjis.  Porter  Corps,  and  Chinese 
Army  troops  were  nsetl.  In  many  instances,  tltey  worked  under  tlie  stqiervi- 
sion  of  Indian  Army  units. 

When  it  was  potto  hie  to  retain  the  same  personnel  and  to  give  adequate 
siqiervisiun,  results  were  gotxl.  However,  in  some  rases  tlie  personnel  would 
not  lie  the  same  from  day  to  day,  or  at  the  most  would  only  be  retained  for 
a  very  short  time.  Under  these  conditions,  results  were  by  no  means  as  satis¬ 
factory.  In  a  few  areas,  suScient  laborers  were  not  available,  and.  as  troop 
strength  was  always  low,  necessary  opera!  ions  suffered. 

Supervision  of  these  workers  was  a  serious  problem.  Even  though  they 
wen  fur  the  most  part  employed  as  simple  laborers,  for  example,  to  clear 
ditches,  they  had  to  lie  instructed.  At  lint  malaria  control  jiersonnel  wen 
need  as  supervisors,  but,  aa  projects  expanded,  their  numbers  were  not  suflcient. 
At  that  time,  personnel  from  other  organizations,  such  as  Quartermaster  trade 
companies,  and  Quartermaster  service  companies,  wen  used  fur  this  purpose. 
These  aeeu  wen  not  trained  for  the  work,  but  members  of  the  control  organiza¬ 
tions  qaiekly  (bowed  them  what  was  needed.  In  this  way,  some  specially 
trained  personnel  could  he  released  for  other  necessary  work. 

In  the  Ledo  area,  another  method  of  supervision  was  employed.  Stationed 
in  this  ana  was  an  Indian  Army  antimalaria  company,  and  it  was  arranged 
to  hare  them  take  over  a  considerable  portion  of  the  supervision.  This  worked 
well,  as  the  men  had  not  only  been  instructed  in  the  fundamentals  of  control 
but  also  did  not  have  to  contend  with  the  language  barriers  that  made  super¬ 
vision  sod  Ufoult  forUA  troops. 

In  the  China  theater,  both  Chinese  troops  and  locally  procured  laborers 
were  employed. 
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Organization  for  Airplane  Spraying 

The  first  DOT  nil- spiny  eX|>eriiiieiit  in  the  (‘liiiin-ltiiniiii-l inliii  theater 
wiis  done  with  an  1^-4  etih  plnne  eqni|>|N*d  with  IIiiiisiimn-liONgi'oy  accessories. 
It  demonstrated  that  nir  spraying  was  effective  n gainst  Ixith  lnrvne  mid  ndiilts, 
Init  tlie  plane  was  too  small  for  the  joh  in  this  theater. 

Sill*  spiel  illy,  in  the  liidiii-lhmna  theater,  the  I*— W,  1* — IT,  and  B-25 
planes  were  investigated.  After  ex|ieriiiieiitation,  it  was  filially  decided  that 
the  B-25  lind  the  most  desirahle  clmract eristics.  Ii  had  tlie  essential  large 
carrying  ni|meity.  King  range,  and  niuiinevenihility.  Some  B-25  planes  were 
tlieivfore  equipped  with  n  5M5-gallon  Itomh  Imy  tank,  an  M-33  CIVS  discharge 
till ie.  with  suitable  outlet  valve,  and  mi  operating  lever.  Experiments  with 
this  equipment  indicated  that  under  normal  conditions  tlie  following  results 
could  la*  expected:  (1)  Each  planeload  of  585  gallons  of  5-percent  DDT 
solution  could  lie  spread  over  a  swath  alaint  2<t0  yards  wide  mill  ft  miles  long, 
and  (2)  tlie  rate  of  dis|iersi»n  across  tlie  swath  would  lie  reasonahly  uniform. 

By  tlie  fall  of  1144,  after  tf  months  of  experimentation,  an  organization 
was  develo|wd,  consisting  of  three  B-25  planes  modified  for  air  spraying,  six 
L-Ti  eiih  planes  modified  for  air  spraying,  and  two  M  4  Clieuiical  Warfare 
Service  deciNitaniiiiating  apparatus,  for  mixing  DDT  solnt  ions.  Tlie  |iersonnel 
were  pilots  and  ground  maintenance  crews,  two  malaria  control  units,  and  one 
malaria  survey  unit.  This  organisation  was  completed  liv  Fetmiary  1145  and 
continued  in  o|ieration  througliont  the  season.  It  was  o|»e  rated  l*y  the  |T.S. 
Army  Air  Forces  umler  tlie  name  “lndia-Bnrma  Air  Spray  Flight.”  Over 
70,000  pounds  of  IHtT  were  air  sprayed  in  tlie  form  of  5-percent  kerosene 
solution  during  its  0  nssiths  of  activity  (fig.  46). 

Experimental  work  led  to  tlie  following  conclusions:  (1)  Wlien  s|»ray 
applications  were  followed  within  a  few  hours  l»y  rain,  the  effect ivencas  of 
the  s|>ray  material  was  greatly  reduced;  (2)  the  continued  low  mosquito 
postulation  in  areas  treated  after  1  March  1145  was  due  to  its  early  reduction 
during  tlie  prentonsoon  season ;  (3)  in  order  to  luring  tlie  mosquito  imputation 
under  control  during  the  monsoon  season,  it  was  necesssry  to  make  applications 
more  often  tlum  every  14  days  or  to  use  a  higlier  concentration  of  DDT: 
however,  no  data  ate  available  on  the  effectiveness  of  a  higher  percentage  of 
DDT;  and  (4)  under  the  conditions  of  the  experiments,  the  effective  period 
following  aerial  application  of  5- percent  DDT  was  no  more  than  S  days. 

Air  spraying  was  entabiished  in  tlie  India-Humta  theater  on  the  premise 
that  k  would  supplement  jrandwork  and  be  especially  useful  in  rapidly 
controlling  newly  captured  areas. 

There  were  certain  basic  organisational  diScukies  which  were  never  com¬ 
pletely  overcome.  The  three  major  subdivisions  of  the  tlwater  were  all  inter¬ 
ested  and  involved  in  this  project.  The  I'JS.  Army  Air  Forces  had  the  planes, 
pilots,  and  maintenance  facilities.  Services  of  Su|>ply  was  responsible  for 
malaria  control;  it  had  tlie  antimalaria  units  that  did  tlie  groundwork  and 
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determined  tlie  ueetls  fur  air  spraying.  Tin*  Xortltem  Cmiibat  Area  Command 
luul  an  area  of  res|s*isiliility,  attiimalaria  units  <m  tlie  ground,  ami  occupied 
a  ra |>i«llv  fluctuating  fnait  that  iwalfil  air  spinying.  Tin*  administrative 
problems  were  numerous  ami  complex.  Tlie  overall  results  olsaiued  were  as 
good  as  could  be  expected  in  a  theater  wltere  (list imt inn  Iwtween  air  anti  ground 
forces*  antlmrity  was  so  sliar|>l,r  drawn.  (ironist-air  liaison,  altlxsigli  armed 
by  both  skies  as  being  one  of  tlie  most  im|s»r1aitt  features  of  tlie  program,  waa 
never  etfeetiveiv  carried  out.  Kven  tlie  sintpleMi  ly|>esof  liaison  atteni|iteil  did 
not  achieve  any  definite  results.  The  inability  of  the  air-spray  flight  to  meet 
its  commitments  definitely  hindered  this  phase  of  the  program. 

Starting  in  August  1944,  I<4  rub  aircraft  were  used  for  air  spraying  in 
the  ('bins  theater,  around  hostels  occupied  by  I’X  troops.  A  5-percent 
DDT  solution  was  dissolved  in  a  mixture  of  Chinese  gasoline,  ft  parts  and 
heroarne.  4  putts.  It  was  found  that  this  mixture  did  not  have  a  burning 
effort  on  rice  and  adjacent  croj».  Insuflcient  DDT  was  arsilable  to  obtain 
adequate  coverage. 

As  the  capacity  and  flight  range  of  these  planes  wss  limited,  e<cient 
ground-air  liaison  was  easily  maintained. 

Activities  of  Other  Army  Organization* 

Kxrept  for  supply  activities  of  the  Quartermaster  Corps  ami  tlie  Corps  of 
Engineers  and  limited  programs  by  various  Army  Air  Force  installations. 
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no  otlier  agencies  were  engaged  in  s|>erinl  nut iiniiliii'in  activities.  The  Air 
Form  bases  usually  followed  policies!  agreed  lielween  ilieir  surgeon  and 
either  the  theater  ninlnriologist  »r  assistant  ninlariologist  of  the  various  sec¬ 
tions.  In  these  activities  they  were  often  Iiel|>ed  by  the  nnihiria  control  |»er- 
soiniel  assigned  to  Services  of  Sii|i|>lv. 

At  times,  the  Quartermaster  t'orjis  anil  the  Engineer  ('or|is  were  res|a>n- 
sible  for  the  requisitioning  and  issuing  of  the  various  malaria  contiol  sii|>|dies 
and  equipment.  As  already  discussed,  for  a  time  this  res|M>nsibility  was  taken 
from  them  iiikI  given  to  the  theater  inalariologisi  in  order  that  more  adequate 
and  equitable  distribution  could  lie  made. 

ANTIMALARIA  ACTIVITIES 
Malaria  Education 

Training. — No  special  technical  and  |>rofessional  schools  were  miiintniiieil 
for  antiumlaria  training.  A  few  officers  were  assigned  to  take  the  general 
course  at  the  Malaria  Institute  of  India  in  Delhi.  Some  medirnl  officers  in¬ 
formally  attended  otlier  estahlislied  centers,  such  as  the  Calcutta  School  of 
Tropical  Medicine.  The  opportunity  for  such  instruction  was  unfortunately 
restricted  by  the  ca|>acity  of  tlie  sclmols  and  l>y  tlie  limited  jiersonnel  available 
for  actual  control  work  ill  the  tlieater.  Instruction  of  some  of  the  enlist eil  men 
in  malaria  detachments  was  more  easily  acromplislied  at  tlie  various  Imspital 
and  nMslieal  laboratories  in  which  they  worketl.  Training  of  this  type,  while 
greatly  needed,  was  of  necessity  somewhat  informal  and  erratic  owing  to  tlie 
constant  slmrtage  of  personnel. 

Formal  education  of  the  troops  iu  malaria  prevention  was  initiated  fol¬ 
lowing  the  publication,  in  September  1043,  of  War  Department  Circular  No. 
223,  which  required  that  all  personnel  in  the  Army  undergo  an  intensive  4-hour 
course  in  malaria  and  its  prevention.  This  course  was  to  be  given  before  oversea 
assignment.  For  those  troops  who  were  in  the  theater  before  the  issuance  of  the 
directive,  instruction  was  given  in  the  field. 

Education  of  incoming  troops  started  on  the  transport  at  the  port  of  de¬ 
barkation.  Personnel  were  given  a  lecture  on  antimalaria  procedure  and  re¬ 
minded  that  they  were  entering  one  of  the  most  malarious  areas  in  the  world. 
They  were  told  how  to  protect  themselves,  and  special  emphasis  was  placed  <m 
the  immediate  problem  of  protecting  themselves  while  traveling  across  India. 

At  various  times  aatimalaria  personnel,  either  singly  or  in  small  groups, 
circulated  through  the  theater  contacting  organ ixat ions.  In  lectures  they  ex¬ 
plained  the  amimalaria  program,  answered  questions  concerning  it,  and 
checked  the  antimalaria  campaign. 

liaj.  Gen.  lister  Sir)  Gordon  Corel! ,  Malaria  Institute  of  India,  lectured 
on  the  problem  and  its  control  at  various  locations  within  the  tlieater.  At¬ 
tendance  of  at  least  one  oCcer  from  each  UJS.  Army  organisation  in  the  areas 
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was  required  at  these  lectures.  This  program  was  well  received  and  was  of 
definite  help  to  all  concerned. 

Organizations  that  re|x>rted  a  high  umlariii  rate  wen*  visited  by  various 
antininlnrin  |>ersoiiiiel.  Ins|>ectiotis  were  made  iiikI  problems  discussed.  When 
necessary,  instructions  were  given  to  tlie  malaria  control  nllirer,  11  nt i inn luria 
detail,  or  nt  times,  to  iis  many  of  the  i-otinnnnd  ns  could  lie  gathered  together. 
This  was  particularly  ini|>ortiint  in  relntion  to  the  DDT  residual  spray  pro¬ 
gram.  Tlie  result  of  these  activities  was  heller  coo)  term  ion  in  the  existing 
programs. 

Propaganda. — Tlie  hulleiiux  of  the  various  hendqnn iters  published  all 
necessary  information  nboiit  malaria  control.  Tliey  were  used  to  inform  nil 
personnel  when  changes  were  made  or  toeniphnsize  some  as|>eets  of  the  |>rogmni 
which  were  not  receiving  sufficient  attention.  These  publications  were  used  to 
pieimte  for  the  DDT  residual  spray  program  anil  air-spray  operations.  Var¬ 
ious  news  slieets  stressed  tlie  program  with  frequent  short  notices,  warnings, 
and  notes  about  changes  in  tlie  program. 

Attractive  posters  were  supplied  for  exhibition  in  ilnynMiiiis.  on  bulletin 
boards,  in  niesslialls,  and  in  orderly  rooms.  Tliese  stressed  |iersoiial  preventive 
measures,  Atabrine  (quinacrine  hydrochloride)  suppressive  ireatmenl,  and 
other  aspects  of  the  program.  Attempts  were  inmle  to  have  the  pasters  changed 
at  frequent  intervals  in  older  to  maintain  tlwir  effectiveness. 

Radio  reminders  were  used  in  tlie  various  (il  radio  stations.  These  varied 
from  simple  warning  statements  (several  times  daily)  to  short  skits.  At  (SI 
movies,  antimaiaria  trailers  were  used  with  almost  all  sliows.  In  aihiition,  tlie 
various  sliort  films  on  malaria  were  shown  nt  intervals  througlmut  tlie  tlieater. 
In  connection  with  this,  it  might  be  noted  that  to  enter  a  motion  picture  tlieater 
one  was  usually  required  to  a|ipiy  a  repellent  liberally.  Koad  signs  were  used 
extensively  from  tlie  port  of  debarkation  to  the  gates  of  K‘u»-ming. 

In  1944  and  1945,  the  troops  in  this  tlieater  had  a  working  knowledge 
of  malaria  and  they  were  never  allowed  to  forget  it.  Some  propaganda  methods 
were  used  so  frequently,  however,  that  their  effectiveness  was  impaired. 

Surrey  Activities 

Both  entomological  and  parasitological  surveys  were  conducted  to  obtain 
the  necessary  information  concerning  species  of  Anopkeirt,  their  distribution 
and  habita,  sad  their  importance  as  vectors,  and  to  determine  the  prevalence 
and  types  of  ffswufim.  However,  most  malaria  survey  detachments  within 
the  area  were  actually  engaged  chiefly  in  control  work.  On  the  other  hand, 
certain  control  detachments  supplemented  their  work  by  survey  activities. 

In  areas  where  limited  or  no  information  was  available,  these  surveys  ob¬ 
tained  sufficient  data  on  which  to  base  specific  cent  rol  measures.  Vnfortunstley, 
records  are  not  available  to  give  a  comprehensive  summary  of  this  work.  The 
following  record  of  the  35th  Malaria  Survey  Detachment  that  was  able  to  devote 
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its  time  to  survey  activities  will  give  some  idea  of  tin*  extent  (if  information 
mmpilcd.  lnoneyeni*.  more  tlimi  .*>.000 1  liiek-  anil  I  bin-blood  Him  examiimtions 
(34.8  percent  jmsitive  for  /Viooioi/iiim ),  represent ing  over  120  groups  of  in¬ 
dividuals,  were  examined.  Mure  tliau  30.IKNI  Aihi/Jh  /<*  Inrvne  from  over  1.300 
(Misilive  eolh*etions  mid  .'>,.*>( at  adults  from  iiioiv  tliau  3.VI  gniiqis  of  eolleei  ions 
were  identified  by  speeies.  Over  2,.'s a i  mosquito  dissections  were  made. 

Mosquito  Control  Measures 

Larviciding. — lairvieidiug  was  one  of  the  most  im|s>rtant  methods  of 
nmlnria  control  and  was  utilized  throughout  the  ('bina-lbirina-lndin  theater. 
The  availability  of  Mnlnriol  or  other  larviciding  material  ami  the  ease  of  ap¬ 
plication  by  untrained  lalxir  added  to  the  desirability  of  stressing  this  method. 
It  wns  used  extensively  where  other  methods  weiv  not  feasible,  for  example, 
in  ricetields  which  could  not  la*  drained  In-canse  of  their  essential  food  crops, 
in  low  tint  areas  which  could  not  In*  drained  satisfactorily,  in  water  tanks  (that, 
is,  reservoirs)  essential  to  the  life  of  villagers,  and  in  hirediug  places  requiring 
only  teinjiornry  livainieiit  or  control  only  until  moie  ]>eiiinineiit  measures  i-onld 
bei>llt  iiltoelfect. 

Although  Malariol  was  used  more  extensively  than  any  oilier  larvicide  in 
tlie  liidia-liimiin  theater,  paris  green  was  user  I  in  ('liinn  ill  iiiuny  of  the  rice- 
fields,  and  white  gasoline  was  sprayed  in  wells  and  in  some  tanks.  When  DPT 
became  available,  small  amounts  of  it  were  dissolved  in  oil  and  this  acted  as 
a  more  effective  larvicide.  Smaller  amounts  of  the  DDT  solution  eonld  he 
spread  effectively  over  larger  areas  than  eould  be  controlled  by  simple  oil 
sprays.  In  tlie  China  tlieater,  waste  motor  oil  himI  tung  oil  kerosene  were  mixed 
and  extensively  used  as  a  larvicide.  DDT  dusting  jiowtler  was  found  to  be 
superior  to  paris  green  and  was  widely  used  to  control  mosquito  breeding 
in  ricefields.  In  addition  to  tlie  ground  larviciding,  the  air-spray  program  was 
established.  It  was  found  that  this  metliod  was  useful  in  large,  flat,  inaccessible 
swamp  areas  and  also  in  quickly  controlling  the  mosquitoes  in  newly  captured 
areas.  Effectiveness  was  definitely  limited  by  rough  mountainous  terrain,  which 
kept  planes  high,  by  dense  jungle  canopy,  and  by  monsoon  rains  which  fre¬ 
quently  prevented  routine  operations  or  washed  away  tlie  DDT  immediately 
after  spraying. 

Filling  ud  tiering — Filling  for  malaria  control  purposes  was  little 
need  largely  because  of  inability  to  obtain  vehicles  to  transport  fill  and  akm 
because  of  lack  of  machinery  to  obtain  material  for  filling. 

Clearing  was  done  extensively  in  connection  with  drainage.  In  many 
cases  this  was  the  only  method  of  revealing  detailed  topography  so  that 
drainage  could  be  establislied.  In  addition,  continued  clearance  of  secondary 
growth  in  establislied  drainage  canals  and  other  waterways  was  necessary 
so  that  lari' iciding  and  inspection  crews  could  have  access  to  mosquito  breeding 
areas.  For  all  tliese  ojieratimis,  simple  handtools  were  all  tltat  were  available 
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in  the  majority  of  ruses;  in  some  sections,  however,  powersaws  were  used  effec¬ 
tively  in  clenring  logjams  and  n  right -of- wav. 

In  tanks  (that  is,  e»irtli-l>nn«le<l  reservoirs)  for  ground  shortage  of  witter, 
the  sitimtion  iiiiioiiuted  to  it  constant  st  niggle  to  kee|>  a  hem  I  of  the  abundant 
aquatic  growth.  Various  methods  were  tried.  lmt  only  two  were  at  till  effec¬ 
tive,  the  tirst  lieing  hand  cutting  mid  pulling,  and  the  second  a  method 
of  dragging.  In  the  latter,  a  drag  was  attaclietl  to  the  winch  cahle  of  a 
truck  and  this  was  |in1led  across  the  tank,  Both  of  these  metlitMls  were  slow 
and,  due  to  the  very  rapid  growth,  were  only  |Mirtiallv  effeetive. 

Drainage. — Adequate  drainage  wherever  jsissible  ami  hirvicidiug  of  other 
areas  const itntetl  the  main  antihirval  <>|ieratiniis.  Literally  lnmdreds  of  miles 
of  tlroiiinge  cnnitls  were  dag  ami  iimintained  I»y  the  mnlMrin  control  detach¬ 
ments.  In  nil  hut  a  very  few  areas,  this  work  was  done  hy  lit  Liters  tinder 
the  supervision  of  the  control  detachments  or  other  personnel  working  for  them. 

In  some  of  the  northern  Itiirtiia  areas,  dynamite  wms  used  to  establish 
drainage.  This  was  an  effective  method  anil  required  tmtcli  less  inait|Miwer 
in  an  area  where  niiiit|Nnver  was  limited.  Of  course,  liilmr  was  needed  to 
maintain  this  drainage  once  it  was  established.  No  machines  were  available 
for  ditching  within  the  theater. 

Naturalistic  control. — Xo  nttenqMs  were  made  at  regular  flushing  of 
waterways  within  tlte  1 1  testers.  1  hiring  tlie  wet  senson,  flash  floods  occurred 
frequently.  For  this  reason,  every  effort  was  made  to  keep  nil  drainage  ways 
free  from  vegetation  so  tltat  tliese  torrents  would  lie  given  full  opportunity 
to  flush  breeding  areas. 

Ill  portions  of  tlte  Calcuttn  area  that  were  lieing  emit  rolled  hy  tlie  Garden 
Reach  Anti-Malaria  Association,  tidal  flushing  was  utilized. 

The  U-S.  Army  did  not  atteiiqg  any  naturalistic  methods  of  control.  Ill 
some  villages  surrounding  various  installatimis,  however,  tlie  tanks,  wells,  and 
other  waters  liad  Iieen  stocked  with  larvivortsis  Ksh  which  helped  to  cmitrol 
mosquito  breeding.  It  might  be  noted  tint  in  many  areas  tanks  were  used 
aa  commercial  fish  liatcheries.  Tlie  flsli  undoubtedly  hel|ied  reduce  the  mos¬ 
quito  population. 

Due  to  the  enormity  of  the  problem  and  to  the  lack  of  special  equipment 
or  time  for  much  experimentation,  few  special  methods  were  utilised  in  the 
theater.  One  special  method  used  was  assault  boats  fitted  with  power  sprays 
to  disperse  la  nr  icide  in  some  of  the  rivers  and  larger  lagoons. 

AMtkkkl  qpmyi*— Space  spraying  was  carried  out  in  buildings 
throughout  the  theaters  whenever  the  necessary  materials  were  available.  Aero¬ 
sol  bornha,  hand  ^Hayen,  and,  at  times,  knapaack  sprayers  were  used.  Particu¬ 
lar  attention  was  given  to  barracks,  messlialk,  and  latrines.  The  effectiveness 
of  this  method  against  flies  led  to  its  use  in  buildings  where  mosquitoes 
were  not  the  primary  problem.  These  activities  were  carried  on  by  tlie  organi¬ 
sation’s  antimalaria  details  or  by  individuals  within  their  own  quarters.  The 
frequency  and  thoroughness  of  such  spraying  depended  upon  effeieney  of  the 
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spraying  crews.  The  proper  method  was  outlined  by  the  various  malaria 
control  directives. 

Limited  space  spraying  outside  of  buildings  was  attempted.  For  a  time, 
spraying  of  open-air  movie  anas  was  undertaken.  However,  before  this 
had  been  fully  organised,  the  DDT  residual  spraying  program  was  established, 
and  many  of  them  areas  were  treated  by  the  latter  method.  Space  spraying 
was  also  accomplished  by  the  sir-spray  program  as  tbs  DDT  in  oil  acted  as 
a  space  spray  as  well  as  a  la rr icicle. 

When  quantities  of  DDT  became  available,  an  intensive  residual  spraying 
program  was  started.  The  details  of  application  varied  within  the  various 
sections  of  the  theater.  Village  buildings  within  tbs  supposed  mosquito  flight 
range  were  sprayed  by  the  malaria  control  detachments,  while  in  tome  areas 
they  also  sprayed  troop  quarters  and  other  buildings.  When  the  spraying 
of  the  very  numerous  local  villages  constituted  s  major  problem,  the  spraying 
of  military  quarter*  was  left  to  the  organizational  antimalaria  details.  These 
men  were  trained  whenever  possible  by  members  of  the  malaria  control  detach¬ 
ments  (figs.  47,  48,  48,  and  SO). 
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The  frequency  of  the  spraying  depmH  upon  climatic  condition*  (a*  they 
influenced  breeding  and  transmireion),  the  scope  of  the  program,  and  the 
amount  of  spray  necessary  for  complete  coverage.  This  program  was  stressed 
until  it  became  the  moat  eflh-ient  and  probably  the  most  effective  portion  of  the 
antimalaria  campaign.  The  relative  ease  of  application,  the  deration  of  the 
spray  deposit,  and  the  readily  visible  effect  on  most  insects  von  for  it  s boost 
whole  has  tied  cooperation. 

Mesquttopreuffag. — Throughout  the  theater,  the  necessity  fur  screening 
and  mosquitoproofing  was  stressed.  Due  to  n  limited  supply  of  mntsriels,  more 
ware  distributed,  fay  order  of  the  theater  mslariabgist,  to  the  arses  o 4  highsr 
eademicity  than  elsewhere.  Hessian  doth  (burlap)  and  mosquito  nattiuy  wars 
used.  During  the  early  days  of  the  theater,  the  entire  supply  was  of  Brithh 
manufacture  and  was  very  scarce.  During  1M4  and  IMA,  large  amounts  of 
American  merle  netting  sad  nylon  sad  wire  screening  arrived  to  supplwwnt 
the  British  stocks.  However,  it  was  not  uatil  midsummer  of  IMA  that  reA- 
cient  quantities  could  be  moved  to  the  forward  areas  in  Barms  to  wd  the 
demand.  Mosquitoproofing  in  the  China  theater  was  never  sdeqnate.  The 
malaria  control  units  distributed  the  mosquitoproofing  supplies,  supervised 
installation,  and  checked  maintenance.  Without  this  skilled  assistance  in  the 
Indk-Burma  theater,  morqu.. oproofing  would  have  been  much  lees  effective. 
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The  rttmknl  tualrrMln  «m  UirUp  (hessian  doth)  for  nlbudeMliini 
■ad  MMfiilo  netting  for  (loom  ami  window*.  The  Material*  deteriorated 
rather  rapidly  in  the  jnngte  bat  am  nanally  effertirr  aa  long  aa  the  nrganiea 
tin  wee  at  at  ionary.  Hath  the  American  pyramidal  aad  the  Britiah  KPIP 
(Enropaan  Privates,  Indian  Pattern)  lent*  provided  ram  fort  able  tiring  par- 
tern  whan  plneeil  over  a  woo  dew  frame  wort,  elevated  to  give  (Moot  sidewalk, 
and  then  mnapawoproofed.  Nylon  and  wine  screening  was  need  in  relatively 
permanent  lmihlinfp,  aarh  aa  hoapitala  and  meoakalb  (fig.  ft!). 

Baeim-type  baiMinga  (gram  ami  laailioo  ronatrnriian)  arm  often  moapai- 
toproofed  by  native  contrarian  under  the  mperviaian  of  malaria  control  per- 
aonnel.  This  method  waa  very  effective,  ami  as  the  men  became  trained  in  it* 
use,  effkienry  was  increased  ami  waste  decreased.  In  these  more  or  Im  per- 
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— wont  buildings,  mosquRoprooting  looted  for  o  catankrtblt  length  of  time 

(If.  W). 

Mritnw  of  aaooqurtopronfing  was  the  wop— Mity  of  the  individual 
organisation  but  was  cheekad  fay  malaria  control  personnel.  In  the  areas  where 
frequent  movement  of  the  organisation  occurred,  there  was  considerable  but 

um  voidable  wastage. 

Bed  nets  sad  jangle  hammocks  were  need  throughout  the  theater.  Early 
models  of  bed  nets  were  of  poor  quality;  they  restricted  sir  movement,  and  be¬ 
came  rapidly  mildewed.  They  were  hot  and  smelly.  Later  models  were  made 
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of  a  tightly  worm  netting  and  wen  leas  objectionable.  Little  trouble  was 
experienced  in  enforcing  the  bed  net  regulations.  Jungle  hammocks  wen  used 
in  forward  anas  until  permanent  quarters  coaid  be  erected. 

MaaqnMn  repel  lenta. — Ample  quantities  of  insert  repellent  began  arm¬ 
ing  in  the  China-Burma-India  theater  in  the  summer  of  IMS,  and  it  became  one 
of  the  lew  keens  of  which  the  supply  exceeded  the  demand.  As  the  relative 
eCsctiveaeas  of  the  various  formulations  became  known,  all  bat  dimethyl 
phthalate  wen  discarded  and  retained  to  Qaartermaster  stock. 

BepaOsato  ware  aaiversally  objectionable  to  the  troops,  sa  they  added  to 
the  general  discomfort.  They  often  mssitsd  when  applied  to  wind-  or  san- 
haraad  skin,  they  wars  sticky  aad  oily,  they  mads  the  aser  feel  hot,  they  soiled 
dethso,  and  dissolved  photic.  They  were  not  need  by  the  avenge  soldier  as- 

ing  iambus  of  woaqakoco.  Various  methods  of  nsing  the  npsUsnt  were  tried 
with  hot  fair  success.  In  some  section  of  the  theater,  it  was  impossible  to  go  to 
GI  movies  rakes  one  submitted  to  a  liberal  application  of  repellent.  While  all 
individuate  had  repellent  available  and  moat  believed  in  its  effectiveness,  its  urn 
was  not  aa  general  as  it  should  have  been. 

Protective  clothing. — Head  nets  and  moaqnito  gloves  wen  seldom  if  ever 
worn.  They  wen  extremely  uncomfortable  and  restricted  the  dfciency  of  the 
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VMrrr.  In  a  few  instances  guards  wore  them  but  their  use  was  soon  discon¬ 
tinued  entirely. 


Atabrine  Suppressive  Treatment 

The  history  of  Atabrine  in  the  theater  is  a  recapitulation  of  the  general 
experience  of  the  Army  with  this  drug.  Its  see  was  characterised  by  the  hesi¬ 
tation  and  vacillation  common  to  all  t  beaten  during  IMS  and  early  IMS.  The 
Ihmpentio  rains  of  Atabrine  was  cstahHehsd  and  accepted  by  medical  ofcen 
iaag  before  its  aappemaire  properties  were  felly  appreciated.  Atabrine  was 
used  successfully  to  the  hospitals  in  accordance  with  the  euggsstions  and  direc¬ 
tives  published  by  the  (Mka  of  The  Surgeon  General,  but  no  effort  was  made  to 
enyloy  the  drug  on  a  large  scale  for  its  prophylactic  effects  daring  the  cana¬ 
pe  igne  of  IMS. 

Circular  Na  ft,  published  on  8  April  IMS,  contained  this  phrase :  “•  •  • 
nee  of  drugs  for  suppression  of  malaria  symptoms,  an  emergency  measure,  to  be 
amployed  only  where  other  methods  ere  impractical  or  inadequate,  and  depend¬ 
ent  on  military  necessity  when  ordered  by  the  commsoder  concerned  on  the 
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advice  of  the  chief  surgeon  concerned.”  Again,  on  7  August  1043,  theater 
directive  on  malaria  control  (Circular  No.  42)  stated:  “*  *  *  prophylactic 
administration  of  drugs  against  malaria  is  to  be  carried  on  only  when  directed 
by  the  theater  commander.” 

In  the  spring  of  1044,  when  the  Japanese  hold  in  northern  Burma  was 
challenged,  mass  atabrinization  of  troops  exposed  to  the  malaria  hazards  of 
this  hyperendemic  area  was  started.  The  administration  of  one  tablet  of 
Atahrine  daily  was  prescrilted  for  “all  American  and  Chinese  troops  operating 
in  upper  Burma  forward  of  Shingbwivatig  and  west  of  Paoshan,  Yiinnan 
Province,  China.”  "  Some  months  later,  the  Atabrine  zone  was  extended 
northward  to  include  the  extreme  northern  tip  of  Burma  forward  of  the 
Tirip  River  (some  miles  east  of  Ledo).  In  September  11444,  it  was  decided 
to  continue  this  suppressive  program  indefinitely.  At  tlie  same  time,  units 
and  individuals  leaving  these  areas  were  directed  to  continue  taking  Atahrine 
for  at  least  4  weeks  after  departure. 

The  early  program  of  suppressive  treatment  was  not  successful.  In  July 
1944,  malaria  reports  from  the  Northern  C’o«n bat  Area  Command  recorded 
6.8  percent  of  I’JS.  troo|ie  as  malaria  casualties  (696  per  1,1*10  per  annum). 
The  causes  were  manifold — lack  of  undcratamling  of  the  suppressive  action  of 
Atabrine,  poor  discipline  and  indifference,  poor  morale,  and  hostility  to  sup¬ 
pression  caused  by  the  belief  that  it  lessened  the  soldier’s  practice  of  individual 
protection  against  mosquitoes. 

The  belief  that  Atabrine  .  oppressive  treatment  was  detrimental  to  malaria 
discipline  and  to  personal  efforts  to  evade  the  mosquito  pen  ned  among  many 
thoughtful  and  experienced  malariologtsts  throughout  the  remainder  of  the 
theater’s  existence.  Owe  the  idea  was  brought  home  to  tlie  soldier  that  faith¬ 
ful  taking  of  one  tablet  of  Atabrine  a  day  would  keep  him  from  getting  clinical 
attacks  of  fever,  he  became  somewhat  indifferent  to  the  occasional  mosquito 
bite  that  otherwise  might  have  caused  him  real  concent. 

Atabrine  propaganda,  to  he  effective,  had  to  he  dogmatic  and  forceful, 
emphasising  good  features  of  the  drug  and  minimising  its  shortcomings  and 
occasional  undesirable  aide  effects.  This  caused  a  certain  amount  of  diamtia- 
feetion  among  medical  oftcera,  especially  thorn  who  questioned  the  intellectual 
honesty  and  scientific  accuracy  of  aurh  propaganda.  The  theater  aurgeon’a 
oflkn  was  at  times  hard  premad  to  maintain  its  policy  as  laid  down  in  ofleial 
publications,  whan  presented  by  svidaace  as  to  the  occasional  tone  offsets  of 
Atabrine. 

Ia  December  1944,  the  theater  rargina,  knowing  that  Atabrine  discipline 
in  the  forward  areas  eras  ant  producing  the  desired  suppression  of  clinical 
amkria,  personally  visited  a  large  a  ember  of  combat  units  and  supporting 
elemants  then  operating  in  the  Bhomo-Laahio-Myitkyina  ana.  The  interest 
in  Atabrine  as  a  suppressive  drug  at  that  time  is  farther  demonstrated  by  an- 
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other  tour  conducted  in<le|>eii<leiit ly  by  rv|tm**ntHtive>  of  the  Advance  Sec- 
tion.  It  was  inevitable,  therefore,  that  tlie  conference  cal  let  1  by  the  theater 
surgeon  in  late  December  1!>44  to  revise  malaria  control  policies  should  have 
been  dominated  by  a  desire  to  emulate  the  extraordinary  success  of  tlie  1044 
malaria  control  programs  of  tins  Australian  and  American  forces  in  the  South¬ 
west  Pacific  Area.  As  n  result  of  this  meeting,  India-Bumm  theater  ('irculnr 
No.  11  was  published  oil  <11  .Ian nary  1045.  This  directive  provided  for  the 
extension  of  tlie  compulsory  Atahrine  suppression  treatment  to  include  most 
of  tlie  liyperendeni  ic  malaria  arras  in  Assam,  East  Bengal,  anti  all  of  Burma 
(comprising  about  tiO  percent  of  tlie  India- Burma  tlieater  strength  tinring 
the  period  January  through  August  1045).  This  was  a  compromise  lielween 
those  wlio  believed  that  suppressive  treatment  should  be  restrictetl  to  troops 
living  continuously  outsitle  tlie  protectrtl  areas  anti  those  who  believed  that 
there  should  lie  a  blanket  suppressive  treatment  covering  tlie  entire  theater. 

On  28  January  IMS,  India-Bumia  theater  Circular  No.  4  was  pnhlirlied. 
It  was  educational  in  form  and  purpose,  containing  a  summitry  of  tlie  nea- 
work  in  the  Southwest  Pacific  Area.  It  emphasixed  tlie  alisolnte  necessity 
of  100  percent  daily  Ata brine  administ  ration. 

By  the  middle  of  March  1045,  the  Ata  brine  program  was  fully  established 
in  the  designated  area.  Its  success,  even  beyond  expectation,  was  due  to  a 
remarkable  degree  of  command  acceptance  of  responsibility  for  its  execution. 
The  low  winter  malaria  rate  continued  on  into  the  spring  ami  summer  and 
stabilised  between  15  and  20  per  1.000  per  annum.  There  was  no  appreciable 
summer  or  fall  increase  in  malaria  morbidity.  The  highest  incidence  of  ma¬ 
laria  in  1045  occurred  in  the  Baas  Section  outside  the  Atabrine  none,  where 
the  rates  differed  little  from  those  of  previous  years. 

On  4  April  1045,  China  theater  Circular  No.  13  directed  the  use  of  Atabrine 
— ppremive  treatment  in  the  more  malarious  areas  of  the  command.  Resalt  a 
similar  to  thoac  in  the  India-Burma  theater  were  achieved. 

The  relative  importance  of  the  blanket  Atabrine  suppressive  treatment 
pampered  with  that  of  the  tfcfaat  environ  awital  mosquito  control  program 
parried  out  by  China,  Burma,  and  India  malaria  control  detachments  in 
bringing  malaria,  under  control  will  never  be  determined.  That  mosquito  con¬ 
trol  waa  brought  to  an  extremely  high  level  of  effectiveness  daring  IMA 
punnet  ho  dented.  Irrespective  of  relative  effects  of  these  factors,  there  w- 
aaains  one  other  factor  that  andonbtedly  had  a  major  infueaca  on  sick  rates 
daring  the  last  9  stout  ha  of  IMA.  Eseapt  far  trade  operations  along  the 
Stihrall  Bond  and  air  support  of  British  forces  in  central  Banna,  moat  of  the 
UA  troops,  Boon  after  the  capture  of  Isuhio  in  March  IMA,  quickly  retamed 
to  atraaqaul  and  orderly  garrison  life  in  well-policed  and  relatively  mosquito- 
free  areas. 

After  an  exchange  of  correspondence  late  in  IMA  bet  ween  theater  head- 
quartan  and  the  new  Intermediate  Section,  the  Atabrine  mppreaeive  treatment 
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program  wns  considerably  modified.  The  inn  in  rlumgv  wus  to  put  suppressive 
treatment  on  an  optional  bnsis  in  the  lnrge  well -con trolled  troop  coneeutrution 
areas.  This  was  because  of  the  excellent  state  of  mosquito  control  in  these 
areas  and  because  of  tlie  growing  concern  over  tlie  rising  incidence  of  atypical 
lichen  planus.  The  change  was  agreeable  to  all  and  appeared  to  be  working 
reasonably  well  up  to  4  December  exce|>t  for  a  mild  increase  of  recurrent 
malaria  in  troops  en  route  to  ports  of  embarkation.  Attempts  to  determine 
the  total  incidence  of  suppressed  malaria  in  the  troops  living  in  tlie  advanced 
sections  were  not  particularly  successful. 

On  the  debit  side  of  tlie  ledger  must  be  recorded  tlie  occasional  toxic 
reaction  to  Atabrine.  Of  the  various  conditions  held  to  be  due  to  Atabrine 
intolerance,  the  syndrome  known  as  atypical  liclien  planus  was  the  most  inqior- 
tant.  The  transient  gastrointestinal  upsets  sometimes  seen  in  tlie  first  week 
or  two  of  suppressive  treatment  caused  no  serious  concern.  Likewise,  Atabrine 
peychoeia  waa  of  relatively  little  importance.  Precise  data  on  the  occurrence 
of  atypical  lichen  planus  in  the  India-Iiurtna  tlieater  are  not  available.  It  ia 
believed  that  the  total  number  of  cases  was  about  260. 

In  August  1944,  a  malaria  commission  for  instituting  research  in  malaria 
was  established.  It  was  to  deal  chiefly  with  the  chemical  problems  connected 
with  Atabrine  therapy.  Unfortunately  through  lack  of  cooperation,  the  com¬ 
mission  was  broken  up  on  arrival.  Early  in  January  1945,  it  was  established 
at  the  20th  General  Hospital  in  Lrdo,  Assam.  One  of  the  chief  aims  was  to 
develop  a  simple  urinary  chemical  test  that  would  indicate  the  concentration  of 
plasma  Atabrine  by  using  a  technique  developed  by  the  British  and  described 
in  Interim  Report  No.  27  of  the  Malaria  Research  Unit,  November  1944.  A 
paper  describing  this  research  was  forwarded  to  The  Surgeon  General  on  16 
August  1915.  This  work  was  well  received  and  proved  to  be  of  value  to  com¬ 
manding  oScera  in  enforcing  the  Atabrine  program. 

Field  Research 

Various  malaria  control  detachments  carried  out  field  research  on  the 
methods  of  applying  DDT  rreidoal  spray.  Considerable  time  was  spent  trying 
to  develop  man  elective  and  cAcient  sprayers  for  this  work.  In  moot  cases, 
this  involved  modifying  existing  equipment. 

In  connection  with  the  DDT  air  spray,  much  field  study  was  done,  pri¬ 
marily  to  obtain  information  regarding  dutribotion  of  material,  droplet  rise, 
and  wanks  a t  various  meteoroiogic  conditions  upon  both  the  spray  and  ths 
effects  of  the  spray.  Other  experiments  in  conjunction  with  this  work  were 
mads  to  try  to  determine  the  effectiveness,  penetration,  exposure,  and  time  be 
fora  maximum  kill. 

The  various  survey  detachments,  whenever  they  were  able,  did  considerable 
research  work  concerning  the  biology  of  the  various  anopheline  mosquitoes 
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within  their  ureas.  With  the  finding  of  infected  A.  huconphynu  within  the 
area,  a  great  deal  of  time  was  spent  in  trying  to  determine  the  importance  of 
this  sjiecies  as  a  vector. 

Other  Activities  of  Malaria  Control  Personnel 

Early  in  the  theater  history  there  was  a  tendency  to  use  malaria  control 
organizations  for  duties  other  than  their  primary*  mission.  This  was  stopped 
by  a  letter  to  the  commanding  generals  of  all  major  commands  in  August  1844. 
From  that  time  on,  malaria  control  organisations  officially  devoted  all  of  their 
time  to  their  immediate  mission. 

At  times,  their  advice  or  cooperation  was  secured  in  other  problems  as, 
for  example,  fly  control.  Some  of  their  equipment  and  supplies  were  expended 
for  this  purpoee;  personnel,  however,  were  not  diverted  for  this  use.  For  a 
certain  time,  personnel  were  withdrawn  for  entomological  investigations  of 
a  reported  epidemic  of  sandfly  fever  at  Gayi,  Iiihar  Province,  India.11  This 
waa  because  malaria  control  personnel  were  tlie  only  qualified  individuals  to 
conduct  such  an  investigation.  In  a  number  of  instances,  also,  malaria  con¬ 
trol  personnel  gave  advice  or  checked  on  water  supply  installations.  They  also 
handled  the  supplies  for  the  prevention  of  scrub  typhus.  As  the  supplies  were 
the  mm  as  those  used  for  malaria  control,  it  seemed  advisable  that  their  dis¬ 
tribution  be  centralised.  This  worked  efficiently.  In  making  routine  surveys, 
other  features  of  sanitation  were  often  checked.  In  these  cases  information 
was  usually  passed  orally  to  the  organisation  involved  or  to  the  sanitary  inspec¬ 
tor  for  the  section  in  which  the  violations  occurred.  In  addition,  personnel  in 
these  organisations  with  special  qualifications  were  consulted,  when  it  was 
thought  their  advise  would  be  helpful,  concerning  other  problems  within  the 

SUMMARY 

Most  of  the  areas  in  China,  Burma,  and  India  occupied  by  the  UA 
Anuy  were  malarious ;  the  intensities  of  infection  varied  from  slight  endemic ity 
to  hypermdesaicity  on  a  scale  us  high  as  any  in  the  world.  Living  conditions 
ware  often  primitive,  and  local  populations  wars  largely  uneducated,  so  that, 
WBipt  in  liahtd  areas,  little  or  nothing  had  been  done  to  prevent  the  dieses*. 
BUuk  malaria  control,  therefore,  had  to  be  established  by  the  Army  in  order 
to  maintain  its  elMtivaaem. 

Malaria  control  activities  were  undertaken  throughout  the  occupied  sec¬ 
tions.  Practically  all  known  means  of  control  were  utilised,  the  actual  type 
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■  ml  scojte  depending  ii|m>i>  t lit*  immediate  needs  of  tin*  areu  and  the  supplies 
available.  These  included  standard  and  modified  antilarvnl  and  antiadnlt 
mosquito  control  methods,  supported  by  |iersounl  preventive  measures  and, 
in  certain  areas,  by  suppressive  medication. 

Because  of  tins  great  variety  of  conditions  encountered,  a  highly  centralized 
malaria  control  organization  was  not  practicable.  Organization  eventually 
developed  along  distinctly  sectionalized  lines,  with  ample  authority  lieing 
delegated  to  sectional  malaria  control  gron]>s  for  dealing  wit  It  local  sitiuit  ions  by 
tlie  best  available  means. 


CHAPTER  VIII 


New  Hebrides,  Solomon  Islands,  Saint  Matthias 
Group,  and  Ryukyu  Islands 

Paul  A.  Harper ,  M.D.,  Wilbur  C.  Downs,  M.D.,  Paul  W .  Oman,  Ph.  D., 
and  Norman  D.  Levine,  Ph.  D. 


\  review  of  the  exjier'iences  with  malaria  control  of  the  I'SAFISPA  (IT.S. 
Army  Forces  in  the  South  Pacific  Area)  may  logically  be  divided  into  two 
parts:  The  first,  dealing  with  the  problem  of  malaria  and  oilier  insect-borne 
diseases  on  those  South  Sea  Islands  which  lay  within  (lie  jurisdiction  of  the 
wartime  command  known  as  the  South  Pacific  Area;  the  second,  dealing  with 
similar  problems  on  Okinawa  and  other  islands  which  were  the  rrsponsibility 
of  the  Ryukyu  Islands  Command.1 

The  military  campaigns  in  both  them  areas  were  a  series  of  amphibious 
operations  which  called  for  the  closest  cooperation  between  land,  sea,  and  air 
forces.  The  antimalaria  organisation  in  both  areas  was  also  a  joint  Army, 
Navy,  and  Allied  operation  under  centralised  control.  This  report  is  concerned 
primarily  with  the  malaria  control  activities  of  Army  personnel,  but  it  is  em¬ 
phasized  that  much  of  the  success  of  the  organisation  was  due  to  its  joint 
service  nature  which  was  the  concept  of  tbs  first  theater  malaria  and  epidemic 
disease  control  ofierr  in  the  South  Pacific,  Comdr.  (later  Capt.)  James  J. 
Sapera,  MC,  USN,*  and  of  his  successor,  Corod.  F.  A.  Butler,  MC,  USX.1 
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COMMUNICABLE  DISEASES 


Subsequently,  Captain  Sapero  occupied  a  similar  position  on  the  staff  of  Com¬ 
mander  in  Chief,  Pacific,  during  the  campaign  for  the  Kynkyn  Islands. 

The  reason  for  having  one  group  of  authors  report  nbout  malaria  control 
in  such  widely  separated  places  is  that  members  of  this  group,  together  with 
their  Navy  colleagues,  participated  in  the  planning  nnd  execution  of  insect 
control  programs  in  both  areas,  first  in  the  South  Pacific  and  Inter  on  in  tlie 
Byukyu  Islands,  which  was  the  scene  of  the  last  severe  land  fighting  of  the  war. 

Part  I.  New  Hebrides,  Solomon  Islands,  and 
Saint  Matthias  Croup 

GENERAL  CONSIDERATIONS 

Malaria  probtau,  1912-45. — Malaria  was  the  single  most  serious  health 
hazard  to  Allied  troops  in  the  South  Pacific  Area  during  World  War  II  ; 
caused  more  than  five  times  as  many  casualties  as  did  combat.  It  is  estimated 
that  more  than  100,000  individuals  among  Allied  military  personnel  contracted 
malaria  in  tlie  South  Pacific,  most  of  whom  had  several  attacks.  At  least,  on 
Guadalcanal,  Solomon  Islands,  this  disease  threatened  the  success  of  the  mili¬ 
tary  campaign. 

Tlie  first  outbreak  of  malaria  occurred  on  the  small  island  of  Kfate  in  the 
New  Hebrides,  where  it  readied  epidemic  proportions  with  a  rate  of  nearly 
2,700  cases  per  1,000  troops  per  atinnui  in  April  11)42.  Tlie  most  serious 
epidemic  of  this  disease  began  on  Guadalcanal  within  ,1  months  of  tlie  initial 
landings.  Lesser  outbreaks  occurred  on  Espfritn  Santo,  Tnlagi-Florida  Is¬ 
lands,  the  Russell  Islands,  and  Munda,  New  Georgia.  No  serious  outbreaks 
occurred  on  Treasuty,  Bougainville,  Green,  or  Emirau  Islands,  which  were 
the  last  four  bases  to  be  occupied  and  which  were  tlie  scene  of  intense  anti- 
malaria  measures  from  the  time  of  the  initial  landings. 

In  the  early  days  of  the  South  Pacific  campaign,  it  was  considered  good 
medical  practice  to  give  therapeutic  doses  of  Atabrine  (qninacrine  hydro¬ 
chloride)  or  quinine  to  heavily  seeded  troops  after  removal  from  malarious 
areas  and  then  to  stop  suppressive  medication  and  treat  the  remaining  malaria 
as  it  occurred.  This  process  was  called  demalarialisatkm  and  was  based  on 
the  thesis  that  if  troops  were  first  treated  with  therapeutic  doses  and  then 
allowed  to  have  tlieir  malaria  is  la  pees  they  would  develop  an  immunity  and 
so  overcome  the  disease.  This  regimen  was  undertaken  by  the  2d  Marine 
Division,  the  Americal  Division,  the  147th  Infantry,  and  other  troops  who 
bed  been  on  Guadalcanal  during  the  malaria  epidrniir.  It  resulted  in  an 
enormous  amount  of  malaria  before  it  was  abandoned  in  favor  of  continuous 
suppressive  therapy  for  heavily  seeded  troops.  The  rehabilitation  period 
of  units  who  were  subject  to  this  procedure  was  approximately  double  the  time 
estimated  for  this  purpose  and  meant  a  serious  decrease  in  the  number  of 
available  combat  troope. 
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Malaria  was  serious  enough  for  (lie  Allies,  but  it  was  fur  worse  for  the 
Japanese;  the  few  prisoners  In  ken  were  almost  invariably  malarious.  For 
example,  9,000  Japanese  died  of  disease — malaria,  malnutrition,  beriberi,  and 
dysentery — on  Guadalcanal; 4  this  was  nearly  one-half  of  all  tlieir  dead  on 
this  island. 

Other  insect-borne  diseases  which  occupied  the  attention  of  the  antinuilaria 
organization  were  dengue  fever,  filarinsis,  and  tsiitsnganinshi  disease.  The 
importance  of  dengue  tended  to  be  obscured  by  the  deluge  of  uuilaria ;  actually, 
dengue  could  and  did  cripple  n  military  force  for  short  periods  more  rapidly 
and  more  effectively  than  did  malaria.  Filarinsis  also  led  to  the  medical 
evacuation  of  many  thousands  of  troops.  Rodent  control  was  undertaken 
to  prevent  the  spread  of  epidemic  diseases  which  were  hartioml  by  ruts  or  tlieir 
ectoparasites  as  well  as  to  prevent  the  economic  loss  by  large  rat  populations. 
The  control  of  all  these  artliropodbome  diseases  became  the  responsibility  of 
the  South  Pacific  Malaria  and  Insect  Control  Organization. 

Aatimafauria  organization. — The  South  Pacific  Malaria  and  Insect  Con¬ 
trol  Organization  *  was  developed  to  meet  tlie  peculiar  needs  of  a  mixed 
Army-Xmvy-Marine-Xew  Zealand  combat  force  engaged  in  a  series  of  amphibi¬ 
ous  operations  on  11  malarious  islands  scattered  over  many  thousands  of 
square  miles  of  ocean  (maps  23  and  24).  This  organization  had  several 
unusual  features  which  were  important  to  its  success  and  which  are  briefly 
noted,  as  follows: 

1.  The  mixed  service  character  greatly  facilitated  the  best  utilization  of 
scarce  technical  personnel  and  aided  the  supply  problem  by  making  it  easier 
to  draw  available  supplies  from  all  services  and  to  distribute  them  as  needed. 

2.  The  chain  of  command  was  unusual  for  a  medical  organization  in  that 
the  senior  malariologist  (Navy)  was  on  the  staff  of  ComSoPac  (Commander, 
South  Pacific)  and  in  that  on  each  base  the  reports  and  recommendations  of 
the  senior  base  malariologist  were  submitted  directly  to  the  island  commanders 
with  copies  to  subordinate  service  commands. 

3.  Malaria  control  headquarters  were  established  at  the  theater  level  and 
on  each  large  base,  although  there  was  no  table  of  organization  and  equipment 
for  such  groups.  The  theater  malariologist  and  his  staff  were  responsible  for 
recommending  assignment  of  scarce  personnel  and  for  establishing  uniform 
policies  regarding  control  measures  and  supplies. 

4.  The  last  unusual  feature  was  the  amount  of  autonomy  and  initiative 
allowed  to  the  local  malaria  control  groups  on  each  island  base. 

Mala  tin  control  acUvitha.  From  the  very  beginning  of  planned  malaria 
control  in  the  South  Pacific  Area,  the  approach  was  primarily  one  of  control 
of  the  mosquitoes  responsible  for  transmission,  with  suppressive  medication 


•  Xllfc-r.  John :  GuUktuI:  TV  Firm  Ofeastre.  C«IW  sum  Anar  la  Wart*  War  It.  TV 
War  ta  tV  PaetSe.  Waaklaxtaa :  UJ.  Garment  Prtatla*  oUee,  1*4*. 

•Tfcle  ertaataaUea  vaa  Srit  kaaara  at  "So* Ik  racist  Malaria  Coatrol,”  aa*  later  aa  “faatk  PaetSe 
Malaria  aa*  KpHnale  Coatrol" 
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as  a  secondary  insurance  factor.  The  exact  sequence  in  which  measures  di¬ 
rected  against  mosquitoes  could  be  applied  depended  upon  such  factors  as 
supplies,  manpower,  and  authority  to  undertake  the  work;  once  these  problems 
were  solved,  the  mosquito  was  attacked  with  all  these  weapons  in  combined 
offensive. 

The  basic  control  measure,  and  that  usually  first  initiated,  was  larval 
control  fay  larrirides.  Until  mid-lM4,  the  chief  Lurie  ids  was  diesel  oil,  ap¬ 
plied  fay  knapsack -type  sprayers  and  vehicle-mounted  power  sprayers.  After 
the  advent  of  DOT,  which  became  generally  available  about  July  1944,  airplane 
graying  waa  utilised  effectively  for  elimination  of  larval  populations. 
Coupled  with  the  larvicidal  program  waa  a  systematic  program  of  reduction 
of  water  surfaces  through  drainage,  road-rut  elimination,  rtream  cleaning,  and 
installation  off  ffnmoo  to  permit  fluctuation  of  water  level  in  lagoons  along 
the  beaches.  Through  these  two  general  methods,  the  control  of  anopheline 
breeding  became  highly  effective. 

The  control  of  adult  populations  of  Anophek*  was  at  first  limited  to 
spraying  with  petroleum  base  insecticides  by  hand-operated  "flit  irons,”  by 
the  use  of  Aerosol  bombs,  and  by  barriers,  such  as  bed  nets  and  screens. 
Head  nets  were  never  widely  used,  nor  were  repellents,  and  the  degree  of 
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malaria  control  Attained  by  tlieae  nanus  is  considered  negligible.  During  tin* 
latter  luilf  of  the  war  in  the  South  Pacific,  1)1  >T  w»s  widely  used  as  11  residual 
•pray  in  living  quarters,  ntesshalls,  latrines,  and  native  quarters. 

Tire  systematic  indoctrination  of  troops  in  tlte  principles  and  practices 
of  malaria  control  was,  in  tlie  iiunl  analysis,  prohohly  as  ini|M>rtaiit  an  untler- 
taking  as  any  phase  of  malaria  control.  This  training  not  only  made  jiossible 
a  great  extension  of  mosquito  control  activities  but  also  paid  dividends  in 
tlie  observance  of  personal  protective  measures,  which  at  first  were  completely 
ignored.  Tlie  success  of  the  mill  aria  control  activities  resulted  from  the 
multiple-faceted  approach  to  tiie  problem  by  many  individuals. 

MILITARY  DEVELOPMENT 
Mission 

The  Allied  Armed  Forces  in  the  Pacific  area  were  ordered  on  2  July 
1042  by  the  UJS.  Joint  Chiefs  of  Staff '  to  mount  a  limited  offensive  to  atop 
the  southward  advance  of  the  Japanese  toward  the  sea  lanes  between  tlie 
United  States,  New  Zealand,  and  Australia.  The  immediate  objective  was  to 
obtain  control  of  the  Ouadakanal-Tulagi  area  where  the  Japanese  wen  begin¬ 
ning  the  construction  of  S.i  airfield  (Guadalcanal)  and  had  established  a 
seaplane  beee  (Tulagi).  The  ultimate  objective  of  Allied  war  effort  in  this 
area  for  the  next  2  years  was  to  be  the  capture  or  neutralisation  of  Rabaul 
as  a  Japanese  stronghold. 

It  is  to  be  recalled  that  the  Allies  had  agreed  to  make  their  first  major 
effort  in  Europe  against  Germany;  meanwhile,  the  operation  against  Japan 
had  to  take  a  secondary  place  and  was  limited  by  tlie  ships,  troops,  and 
supplies  which  coaid  be  spared.  Furthermore,  the  initial  surprint  achieved 
by  the  Japanese  gave  them  an  extraordinary  advantage  which  in  leas  than 
12  months  of  war  enabled  than  to  overran  and  control  n  hnge  area  of  land 
and  ocean.  This  area,  with  Japan  as  the  huh,  swung  in  a  great  sooth  west¬ 
ward  arc  frasa  ths  western  Aleutians  through  Guadalcanal  to  ths  southern 
tip  of  New  Guinea  and  thence  through  the  East  Indies  to  the  mainland  of 
Asia.  The  Allies  and  particularly  the  United  States  wen  unready  in  many 
ways  for  this  onslaught.  Our  hick  of  preparedness  to  haadk  the  malaria 
problem  and  oar  failure  even  to  realise  how  important  malaria  would  faeeomo 
were  aymptcmstk  of  the  more  general  unreadiness. 

The  divuiou  of  responsibility  for  operations  in  ths  Pacific  is  shown  in 
map  23.  Ths  South  Pacific  Area  was  commanded  flret  by  Vies  Adas.  Robert  L 
Gbonaky  and,  subsequently,  by  A  dm.  William  F.  Ha  key.  Jr.;  they  were  re- 
aponsifals  to  Adm.  Cheater  W.  Nimitx,  the  Comamnder  of  the  Pacific  Ocean 
Arena.  The  Southwest  Pacific  Area  was  under  the  command  of  Gen.  Doug¬ 
las  Mac  Arthur. 
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The  South  Pacific  Area  mul  Force  was  eventually  given  responsibility 
for  land  operations  throughout  the  Solomon  Islands  und  the  Saint  Matthias 
Group.  Its  area  of  authority  was  extended  by  successive  orders  and  attained 
its  maximum  extent  as  shown  in  map  24. 

Chronological  Table  of  Operations 

Early  in  th«  War,  Allied  naval,  land,  and  air  forces  were  gathered  as 
rapidly  as  passible  in  tins  major  nonmalarions  bases — Samoa  Islands,  New 
Zealand,  Fiji  Islands,  and  New  Caledonia.  Theater  headquarters  were  first 
established  in  New  Zealand  and  later  were  moved  to  New  Caledonia.  Subse¬ 
quent  land  operations  were  on  malarious  islands  in  the  New  Hebrides,  Solomon 
Islands,  and  Saint  Matthias  groups.  The  chronological  table  for  occupation 
of  malarious  bases  was  as  follows: 

Unopposed  landings  in  New  Hebrides: 

Efate — advance  group  landed,  18  march  1942. 

Esplritu  Santo — 4  May  1942. 

Assault  landings  in  Solomon  Islands  and  Saint  Matthias  Group: 

Guadalcanal — 7  August  1942.  Island  secured,  9  February  1943. 

Tulagi  and  adjacent  island — 7  August  1942.  Secured,  9  August  1942. 

Russell  Islands — 21  February  1943  (no  land  opposition). 

New  Georgia  (Rendovu  landings) — 30  June  1943.  Secured,  M 
August  1943. 

Vella  Larella — 15  August  1943.  Secured,  9  October  1943. 

Treasury  Islands — 7  October  1943.  Secured,  10  October  1943. 

Bougainville  (Empress  Augusta  Bay  area) — 1  November  1943.  Pe¬ 
rimeter  defense  until  V-J  I>sy. 

Green  Island — 15  February  1944.  Secured,  20  February  1944. 

Emirau  Island,  Saint  Matthias  Group — 20  March  1944.  No  land 
opposition. 

"Secured”  was  the  oAcial  term  to  denote  the  end  of  effective  enemy  opposition. 
The  length  of  tiaae  between  the  initial  attack  and  the  date  when  each  island 
was  declared  secured  approximates  the  period  daring  whkh  malaria  control 
activities  were  carried  out  under  combat  conditions. 

Rear  Area  and  Air  Force  Installations 

The  rear  area  installations  of  greatest  importance  were  on  New  Caledonia, 
which  waa  the  hiadqaerters  of  the  South  Pacific  Area  Coennmad.  This  island 
was  1,000  miles  south  of  Guadalcanal.  During  the  early  part  of  the  easspaign, 
k  was  an  important  transshipping  and  supply  base.  But,  after  Guadalcanal 
wan  secured,  many  supply  activities  were  gradually  moved  to  that  island  which 
became  the  staging  area  for  successive  attacks  on  Japanese-held  islands  to  the 
northwest. 
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There  were  excellent  lnirlx>rs  nt  Noumea  in  New  Ctiledniiin,  lit  lliii'minnli 
Harbour  in  Kfate,  n ml  nt  Scgond  Clwnnel  in  Kspiritn  Smto.  Mnjor  nnvnl 
supply  and  repair  dejurts  were  devehqied  at  Noumea  and  nt  Kspirit  u  Snnto,  mid 
nn  advance  naval  I  wise  was  estulilislnsl  nt  Tulagi  ill  the  Florida  {Troup.  All 
these  were  malarious  nrens  except  New  Caledonia,  mid  even  there  mosquito 
control  activities  were  required  to  prevent  dengue  fever  which  caused  sharp 
epidemics  liefore  it  was  brought  under  coni  ml. 

AREA  CHARACTERISTICS  AS  THEY  PERTAIN  TO  MALARIA 
AND  ITS  CONTROL 

Physiography 

Extent  MMl  area.  The  malarious  areas  lie  re  discussed  comprised  11  bases 
in  the  South  Pacific  Area.  Although  the  total  occupied  area  on  these  bases 
consisted  of  only  approximately  330  square  miles  of  territory,  they  were  scat¬ 
tered  over  vast  reaches  of  tl»e  I'ncilic  Ocean  (map  241.  These  islands,  from 
Efate,  in  the  New  Hebrides  to  Emirau  in  the  Saint  Matthias  Group,  extend  in  a 
long  chain  from  17°30'  south  longitude  and  l(i8c3t)'  east  longitude  to  1°K*  south 
longitude  and  130°  east  longitude.  The  total  distance  from  Kfate  to  Emirau  is 
approximately  1.550  nautical  miles.  The  total  area  of  tlie  New  Hebrides  is  5,700 
square  miles;  thst  of  the  Solomon  Islands  is  18,000  square  miles.  Kspiritn 
Santo,  the  largest  island  in  the  New  Hebrides,  is  76  miles  hong  and  40  miles  wide. 
Efate,  at  the  southernmost  tip  of  the  New  Hebrides,  is  26  miles  long  and  14  miles 
wide.  Bougainville,  largest  of  the  Solomon  Islands,  is  120  miles  long  and  aver¬ 
ages  40  miles  in  width;  while  Guadalcanal,  the  second  largest  of  the  Solomons, 
is  00  miles  long  ami  has  an  average  width  of  approximately  30  miles. 

The  military  occupied  area  of  Efate  and  Eeplritu  Santo  included  approxi¬ 
mately  40  square  miles  on  eucb  base.  On  Guadalcanal,  approximately  110  square 
miles  of  territory  on  the  northwest  coast  were  occupied,  although  combat  opera¬ 
tions  had  extended  well  beyond  the  area  of  occupation.  On  Bougainville,  the 
ana  originally  ores  pied  totaled  about  30  square  milts  but  was  later  expanded 
to  30  square  miles.  Approximately  30  square  miles  were  orenpied  on  Kmpirau. 
The  military  occupation  of  other  South  Pacific  hasps  involved  relatively  small 
areas,  usually  has  than  90  agnate  miles  each. 

Typ—  u 4  terrain  wad  urate  rad  niuua.  With  the  exception  of  Emirau, 
Green,  and  Treasury  Islands,  which  are  coral,  all  the  malarious  bases  occupied 
during  the  South  Pacific  campaign  are  of  volcanic  origin  and  are  mountainous. 
On  Bougainville,  Mount  Balbi  reaches  to  10,171  feet ;  on  Guadalcanal,  Monad 
PopomaasMu  readies  fty)Q6  feet;  and  on  Espfritn  Santo,  Mount  Tabwemasana 
readies  3^40  feet.  Occupied  portions  of  the  bases  were  usually  limited  to  (da¬ 
tively  narrow  coastal  strips,  which  consisted,  for  the  most  part,  of  coral  uplifts 
or  alluvial  plains.  In  the  occupied  portions  of  some  of  the  bases,  the  hills 
extended  nearly  to  the  sen ;  on  others,  such  as  Guadalcanal,  the  major  portion 
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of  the occupied  am  wu on  an  alluvial  plain  from  1  to  10  miles  in  width.  Thera 
an  no  kip  rinn  and  only  a  few  permanent  streams  on  the  smaller  islands, 
bwt  the  three  largest  bases  represented  different  and  varying  types  of  terrain 
and  deserve  mors  detailed  discussion. 

The  occupied  ana  on  Esptritu  Santo  (map  25)  consisted  of  a  long,  narrow 
coastal  strip  on  the  southeastern  portion  of  the  island,  extending  from  Turtle 
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Bay  on  the  north  to  the  Bence  River  on  the  south.  This  area  is  underlaid  with 
coral,  and  the  hills  extend  nearly  to  the  sea.  There  are  numerous  large  streams, 
boom  of  which  emerge  near  the  coast  from  huge  coral  craters.  The  longer 
streams,  arising  in  the  mountains,  are  swift  flowing  and  subject  to  considerable 
variation  during  times  of  heavy  rainfall.  The  short  streams,  emerging  from 
the  coral  craters,  have  a  fairly  uniform  flow  but  are  subject  to  considerable  tidal 
influence,  their  level  often  fluctuating  as  much  as  3  feet  esch  day  for  a  mile  or 
book  inland  and  aoaoetimm  to  the  crater  source.  A  considerable  part  of  the 
occupied  a  a  of  Eepiritu  Santo  consisted  of  coconut,  coflee,  and  cacoa  groves. 

The  occupied  area  an  Guadalcanal  (map  96)  extended  from  the  Batasuna 
River,  near  the  north  central  portion  of  the  island,  to  beyond  Dorns  Cove 
toward  the  northwestern  tip  and  included  about  45  miles  of  coastline.  The 
broad  alluvial  plain  on  the  north  central  coast  of  Guadalcanal  becomes  pro¬ 
gressively  narrower  from  a  width  of  about  10  miles  between  the  Baksuns  and 
Metepons  Rivera  to  km  than  a  auk  at  the  Lungs  River,  the  hugest  of  the 
riven  in  thk  ana.  West  of  the  Lungs,  the  plain  narrows  rapidly  and  beyond 
Kukum  Point  consists  krgely  of  a  narrow  fringing  strip.  The  broad  portion 
of  the  plain  is  transected  at  intervals  of  about  3  miles  by  major  drainage  courace 
arising  in  the  mountains  to  the  south.  Between  these  rivers  (Balasuna,  Meta- 
pons,  Kalimbiu,  Tenant,  and  Lungs)  an  numerous  sluggish  meandering 
streams. 
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The  benches  east  of  the  Mntuniko  River,  the  first  river  west  of  the  lamgu, 
are  of  dark  volcanic  saiul  and  slope  rather  gently  to  tlie  ocean  floor.  West  of 
the  Mataniko  River,  Hie  beaches  lire  of  relatively  coarse  gravel  and  are  more 
precipitous.  The  soil  of  the  allnvial  plain  is  a  fine,  black  silt,  underlaid  by  a 
yellow  clay  subsoil.  The  to|*soil,  when  undisturbed,  is  ca|>nble  of  absorbing 
and  holding  an  enormous  amount  of  water  but  once  (tacked  by  vehicular  traffic 
becomes  highly  impervious.  All  the  small  streams  between  the  llulnsuna  mid 
the  Lungs,  and  many  of  those  to  the  ivestirard,  were  periodically  blocked  nt 
the  mouth  by  sandbars  built  tip  by  surf  action.  The  coastal  lagoons  and 
swamps  thus  formed  often  remained  blocked  for  long  periods  of  time,  per* 
milling  the  development  of  aquatic  vegetation  and  making  ideal  breeding 
places  for  Anopheles  famuli.  West  of  tlte  Mataniko  River,  streams  are  gen* 
erally  smaller  than  in  the  north  central  |iart  of  tlte  island  but  are  less  likely 
to  liecome  blocked  by  sandliars  at  the  coast  because  of  tlie  more  precipitous 
beach  and  the  oblique  ocean  currents  striking  tlie  coast  in  this  area.  Many  of 
tlie  small  drainage  courses  west  of  the  Mataniko  are  dry  during  a  part  of  each 
year. 

Tlie  occupied  portion  of  Bougainville  (map  27),  near  Empress  Augusta 
Bay  on  the  southwest  coast,  is  a  recently  U|ilifted  area.  The  soil  is  volcanic 
sand  for  some  miles  inland,  and  the  terrain  consists  of  a  series  of  sandy  ter¬ 
races,  representing  old  beach  lilies.  The  eastern  portion  of  the  area  contains 
some  steep  foothills.  The  sand  terraces  are  transected  by  a  few  rivers  and 
small  streams,  some  of  which  were  clogged  by  tlie  accumulated  debris  of  cen¬ 
turies  with  the  result  that  each  terrace  contained  a  series  of  fresh-water  swamps. 
A  high  water  table,  which  quickly  filled  foxholes  and  shell  and  bomb  craters, 
characterised  much  of  the  area  before  cleaning  of  drainage  courses,  hut  sul>- 
soil  drainage  was  generally  good.  Aa  on  Guadalcanal,  streams  were  often 
blocked  at  the  month  by  sandbars  to  form  coastal  lagoons. 

PrwvaiUag  vagetaUesi  covers. — The  occupied  malarious  bases  of  the 
South  Pacific  lie  within  the  true  tropic  belt,  and  the  vegetation  of  these  islands 
is  accordingly  influenced  greatly  by  the  climate  of  the  tropica.  For  purposes 
of  discussion,  it  is  convenient  to  distinguish  between  the  low  coral  formations, 
such  as  Emiraa,  Green,  and  Treasury  Islands,  and  the  larger  volcanic  islands 
tlmt  constituted  the  ranaining  bases. 

Because  of  the  very  porous  condition  of  the  soil,  the  coral  islands  are 
without  tropical  rain  forests  and  have  relatively  little  dense  growth  that  ap¬ 
proximates  true  jangle.  The  vegetation  consists  primarily  of  cocoanat  pa  has, 
low-growing  brush,  grass,  and  weeds.  More  laxa riant,  jnagfolike  growth 
occurs  in  the  marshy  areas  of  the  islands.  Vegetative  cover  was  not  an  im¬ 
portant  factor  in  malaria  control  operations  on  these  islands. 

The  larger  volcanic  islands  of  the  South  Pscific  are  typically  covered  with 
heavy  rain  forests  except  along  the  coast  where  narrow  strand  formations 
occur.  The  coastal  areas,  and  sometimes  the  inland  areas  as  well,  are  often 
occupied  by  extensive  plantings  of  coroannt  palm,  coffee,  and  cacao.  There 
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in  occasional  rubber  plantations  and  other  caltivated  tropical  plants.  Since 
plantation  anas  an  a— ally  lerel  and  open,  they  were  widely  need  for  bi rotate 
anas  and  supply  dumps.  As  each,  they  became  an  important  part  of  the 
malaria  control  problem. 

Tha  coastal  strand  formation  consists  of  two  general  types.  Around  the 
tidal  mudflats  at  the  mouths  of  the  numerous  permanent  streams,  mangrove 
swamps  are  common.  These  manprore  swamps  wen  of  little  importance  ex- 
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cept  in  the  innermost  portions  where  lithil  notion  was  minium)  nnd  relatively 
fresh  water  permitted  the  growth  of  aquatic  vegetation.  On  the  benches, 
between  streams,  the  strand  formation  consists  of  coconnnt  palms  intermixed 
with  scattered  large  forest  trees  growing  to  a  height  of  tin  feet  or  more.  Oc¬ 
casionally,  there  ue  huge  banyan  trees,  fit  most  places,  a  dense  undergrowth 
extends  to  within  a  few  feet  of  the  high  tide  line,  nnd,  except  on  the  more 
barren  shores,  tlie  undergrowth  within  tlie  strand  formation  iB  almost  im¬ 
penetrable.  The  secondary  plants  making  up  tlie  strand  formation  contain 
such  forms  as  Ilibincm ,  t’andanu*,  anti  a  herltaceoiis  ground  cover  of  tangled 
vines,  grasses,  sedges,  and  other  low  plants.  The  entire  formation  is  narrow, 
often  no  more  than  a  few  yards  in  width. 

Wliererer  they  occurred  and  had  been  maintained,  plantations  were  rela¬ 
tively  open  at  ground  level.  Before  military  occupation  on  most  bases,  and 
throughout  the  occupation  on  some,  cattle  were  widely  graced  in  cocoanut 
groves.  G rasing  together  with  periodic  removal  of  secondary  undergrowth 
maintained  such  groves  as  open,  parklike  areas  offering  easy  passage  for  traffic 
of  all  kinds.  Cocoanut  groves  that  were  not  graaed  or  otherwise  maintained 
quickly  developed  into  a  thick  tangle  of  young  cocoanut  palms,  brush,  and  tall 
grass.  Coffee  and  cacao  plantations,  being  heavily  shaded  by  towering  jungle 
trees,  had  somewhat  sparse  ground  cover.  The  orderly  arrangement  of  the 
plantings  and  their  excellent  camouflage  qualities  made  them  ideal  for  supply 
dumps.  When  used  for  that  purpose,  ltowever,  roads  were  but  rarely  con¬ 
structed  until  after  long  use.  This  resulted  in  mile  after  mile  of  water-filled 
ruts  caused  by  the  movement  of  heavy  vehicles  between  the  rows  of  trees. 
Plantations  in  general,  and  coconut  plantations  in  particular,  became  one  of 
the  big  problems  from  a  malaria  control  stand  point. 

The  true  rain  forest  formation  consists  of  a  towering  canopy  of  trees 
reaching  to  ISO  feet  in  height,  with  succeemivcly  lower  layers  of  trees  which 
supply  a  vary  danse  shade  at  ground  level  Various  climbing  plants,  some  of 
which  extend  to  the  uppermost  canopy,  form  an  undergrowth  that  is  diffcult 
to  paaetrats  except  along  established  trails.  Off  the  trails  in  the  jungle,  where 
it  is  necessary  to  hack  a  way  through  the  undergrowth  with  mechetee,  a  half- 
mile  per  hour  is  considered  a  rapid  march  speed.  Even  along  trails,  rapid 
mnremiwt  is  impnaaihla  hacauaa  of  the  slippery  footing,  obstructing  roots,  and 
the  long,  wkiplihe  rxtenasens  ef  the  rattan  palm  that  hang  across  the  trails 
and  grasp  at  clothing  or  fleah  with  duurp,  etout,  recurred  pan.  Because  off 
high  hmuidky,  look  of  aeration,  and  dMfcuky  of  clearing  three  areas,  the  true 
ruin  forest  was  bttia  need  for  bivouac  purposes  and  only  to  a  limited  extant 
was  it  necessary  to  ext  and  aaalaria  control  activities  into  this  type  of  growth. 

The  plant  formations  of  Guadalcanal/  and  to  a  limited  extent  thorn  of 
Tulagi,  differ  considerably  from  thorn  encountered  on  others  of  the  major 
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South  Pacific  inlands.  Guadalcanal  lies  iithwart  (lift  prevailing  trade  winds 
in  the  area,  and  the  high  'maintain*  in  the  central  |»i rt  of  the  island,  forcing 
the  air  upward,  cause  heavy  rainfall  on  the  south  side  of  tlie  island  nnd 
diminished  rainfall  on  the  northwest  coast.  Within  this  uren  of  min  shadow 
effect,  which  extends  to  Tulngi,  there  is  a  greater  seasonal  variation  in  rainfall 
than  is  characteristic  of  ports  of  the  island  not  influenced  by  high  elerntions 
in  the  path  of  the  trade  winds,  nnd  n  total  rainfall  somewhnt  less  than  is 
required  to  support  tropical  rain  forests.  This  results  in  the  absence,  from 
the  northwest  coast  of  Guadalcanal,  of  true  rain  forest  formations  nnd  accounts 
for  the  extensive  grasslands  of  tlie  coastal  plain  and  lower  hills,  Because  these 
extended  grasslands  and  associated  vegetntive  features  Imd  u  profound  influence 
on  tlie  malaria  control  problem  on  Guadalcanal,  they  are  discussed  in  some 
detail. 

On  tlie  eastern  part  of  Guadalcanal,  wliere  seasonal  variation  and  total 
rainfall  is  not  influenced  hy  high  elevations  in  tlie  path  of  prevailing  winds, 
there  is  dense  rain  forest.  From  the  Be  ramie  River,  some  4  miles  east  of  tlie 
limits  of  the  occupied  area,  to  tlie  northwestern  tip  of  the  island,  tlie  vegetation 
of  the  north  coast  is  influenced  by  tlie  rain  shadow  caused  hy  mountains.  This 
portion  of  tlie  island  is  characterized  by  extensive  grasslands,  while  tlie  high 
central  part  of  the  island  and  the  south  side  are  covered  hy  min  forests.  Tlie 
northwest  coastal  area  is  transected  hy  numerous  rivers  and  smaller  streams, 
and  along  most  of  these  there  is  a  strip  of  forest  connecting  tlie  forests  of  the 
hills  with  I  lie  narrow  coast  a  1st  rand  formation. 

Although  these  forest  strips  along  stream  courses  are  narrow,  being  in 
some  places  only  a  few  hundred  feet  in  width,  they  consist  of  much  the  same 
type  of  vegetation  as  is  encountered  in  typical  rain  forests.  These  jungle 
isrips  rise  abruptly  from  the  grasslamls  to  a  lieight  of  100  feet  or  more,  often 
with  scattered  tiller  trees  reaching  many  feet  higher.  The  height  ami  uni¬ 
formity  of  the  vegetation  increases  with  the  width  of  the  jungle  none  bordering 
the  stream,  and  forest  belts  along  the  larger  permanent  streams  present  a 
relatively  uniform  canopy.  The  vegetation  bordering  temporary  streams 
usually  consists  of  a  narrow  belt  of  trees  of  various  heights  so  that  from  n 
distance  the  canopy  presents  a  rugged  appearance.  Because  these  forest  belts 
admit  a  considerable  amount  of  sunlight,  the  undergrowth  is  frequently  more 
dense  than  that  of  true  min  force*,  particularly  at  the  forest  edge.  From  the 
rtandpeint  of  taoequito  control  operations,  these  jungle  strips  were  comparable 
to  true  rain  forest.  On  Guadalcanal,  they  were  widely  need  for  bivouac  and 
supply  areas  when  eoeoanut  pahu  graven  were  not  available. 

The  extensive  grasslands  are  the  dominant  vegetative  feature  of  the  north¬ 
west  coast  of  Guadalcanal.  Between  the  Berande  and  Longa  Riven,  they 
occupy  the  major  portion  of  the  flat  coastal  plain  and  extend  inland  for  several 
miles,  well  into  the  foothills.  West  of  the  Lunga,  where  the  coastal  plain 
becomes  progressively  narrower  toward  Cape  Es|iemnee.  tlie  grasslamls  are 
largely  on  the  nigged  foothills.  The  dominant  grass  in  these  areas  grows  to 
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a  height  of  4  to  6  feet,  forming  n  tangled  mass  of  vegetation  that  is  often  more 
difficult  to  penetrate  on  foot  than  is  the  jungle.  On  the  flat  alluvial  plain  be¬ 
tween  the  Batasuna  and  Lunga  Hirers,  these  open  grasslands  offered  an  inviting 
area  to  drivers  of  vehicles,  either  on  legitimate  business  or  aimless  exploring. 
Soon  the  entire  area  was  crisscrossed  with  innumerable  trails,  most  of  which 
became  badly  rutted  and  held  water  eitlier  periodically  or  constantly.  Once 
a  trail  became  impassable  because  of  rutting,  a  new  trail  parallel  to  the  old  one 
would  lie  started,  adding  to  the  miles  of  ruts.  The  elimination  of  these  road 
ruts,  and  the  closure  of  the  grasslands  to  indiscriminate  driving,  became  a 
major  malaria  control  problem  on  Guadalcanal. 

Climatic  Features 

In  general,  it  may  be  said  that  the  climatic  features  of  the  South  Pacific 
islands  favor  malaria.  The  absence  of  the  vector  of  malaria,  and  hence  the 
absence  of  the  disease  from  many  of  tlie  smaller  islands  in  tlie  malarious  lone, 
appears  to  lie  correlated  with  physiographic  rather  than  climatic  features.  Al¬ 
though  rainfall  is  abundant  throughout  the  area  and  tlie  temperatures  are  high 
and  fairly  uniform,  many  of  the  smaller  coral  islands  have  no  permanent 
fresh  water  suitable  for  anopheline  breeding. 

Rainfall.-— On  all  haws,  the  total  yearly  rainfall  was  high,  usually  exceed¬ 
ing  100  inches.  This  factor,  coupled  with  a  constantly  high  humidity,  served 
to  keep  the  soil  well  saturated  during  the  greater  part  of  the  year.  Tlie  terms 
“dry  season”  and  uwet  season”  are  relative;  during  most  months  of  tlie  year, 
there  was  sufficient  rainfall  to  maintain  numerous  small  surface  pools  of 
water.  During  the  period  from  June  to  August,  tlie  intertropical  front  is 
north  of  the  Equator  and  the  prevailing  winds  are  from  the  southeast.  This  is 
the  so-called  dry  season.  From  December  to  February,  when  the  intertropical 
front  is  south  of  the  Equator,  the  prevailing  winds  are  from  the  northeast. 
The  periods  from  March  to  May  and  from  September  to  November  are  char¬ 
acterised  by  unsettled  weather  when  the  doldrums  and  their  intertropical  fronts 
are  moving  across  the  Equator.  Marked  seasonal  variation  in  rainfall,  sueh 
as  ocean  on  the  northwest  coast  of  Oaadalcanal,  easy  have  been  due  to  local 
topographic  features.  During  the  so-called  wet  season,  henry  rains  stay  he 
expected  daily  for  as  much  as  a  week  at  a  tune.  As  much  as  M  inches  of  rain¬ 
fall  in  1  month  has  been  recorded  for  Bougainville  (Kieta) ;  the  total  rainfall 
for  March  1W4  on  Eapirita  Santo  was  28  incites,  of  which  10J5  inches  fell  dur¬ 
ing  one  24-hour  period  on  37  March. 

The  influence  of  rainfall  on  the  problems  of  malaria  control  is  difficult 
to  evaluate,  but  it  was  undoubtedly  the  most  important  single  factor  in  causing 
seasonal  variations  in  the  problems.  IVriods  of  heavy  rainfall,  causing  flushing 
of  drainage  courses  and  opening  of  some  lagoons,  resulted  in  the  temporary  elim¬ 
ination  of  anopheline  breeding  from  moet  streams.  The  great  increase  in  sur¬ 
face  water  that  resulted  from  lieavy  rains  served  to  disperse  current  larval 
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populations  and  gave  tlie  impression  tlmt  there  whs  some  cessation  of  breed¬ 
ing.  On  most  bases,  peak  anopheline  ]x)]>nlutions  usually  orcnrred  soon  lifter 
the  cessation  of  heavy  rains.  A  number  of  factors  apparently  contributed  to 
this  situation.  Tlte  stabilisation  of  abundant  water  surfaces  combined  with 
increased  sunlight  and  its  resultant  etfect  on  the  development  of  plunt  life  to 
make  conditions  ideal  for  larval  development.  Larvieidal  crews  were  fre¬ 
quently  unable  to  obtain  complete  coverage  for  several  days  nr  weeks  follow¬ 
ing  heavy  rains. 

Temperature. — There  is  little  variation  in  tenqierature  at  sea  level  in  the 
Solomon  Islands,  and  the  daily  temperature.  range  is  remarkably  uniform 
throughout  the  year.  The  maximum  daily  temperature  rarely  exceeds  U4°  F., 
and  tlie  minimum  is  seldom  below  67°  F.  The  usual  daily  temperature  varia¬ 
tion  was  about  20°  F.  from  a  high  of  about  90°  to  a  low  of  about  70°  F.  These 
temperatures,  together  with  a  high  relative  humidity  of  approximately  80  per¬ 
cent,  provided  almost  optimal  conditions  for  mosquito  development.  At  no 
time  were  temperatures  ill  tlie  Solomon  Islands  bases  so  low  as  to  be  considered 
unfavorable  to  anopbeline  breeding. 

Temperatures  in  tlie  New  Hebrides  exhibited  a  greater  range  of  daily 
variation,  as  well  as  less  uniform  daily  change  througliout  the  year.  Tem¬ 
peratures  as  low  as  53°  F.  were  recorded  at  Segond  Channel  on  Esplritu  Santo, 
and  as  low  as  58°  F.  on  Efate.  Maximum  tenqieratures  of  96°  and  95°  F_, 
respectively,  were  recorded  for  these  two  bases.  Because  tlie  periods  of  both 
low  and  high  temperatures  were  relatively  brief,  it  is  doubtful  if  these  ex¬ 
tremes  had  any  appreciable  effect  on  mosquito  development. 

Local  Population 

New  Hebrides.—1 The  population  of  the  New  Hebrides  in  1989  was  given 
aa  218  British,  887  French,  2£82  Asiatics  (Tonkinese,  Chinese,  and  Japanese), 
and  about  40g000  native  Melanesians.  Of  the  Melanesians,  about  4J100  lived  on 
Esplritu  Santo  and  1,700  on  Efate,  mostly  in  small,  independent  villages 
r-sttered  through  the  islands. 

During  the  first  part  of  the  occupation  of  Efate  and  Esplritu  Santo,  the 
troops  were  bivouacked  near  labor  camps  of  natives  who  were  heavily  seeded 
with  malaria  and  in  arena  where  anopheHnee  were  numerous.  Later  on,  troop 
concent ratioue  were  kept  away  from  local  communities  aa  much  aa  possible, 
buttkiscouMnot  be  done  in  outlying  areas. 

In  the  New  Hebrides,  yawn,  hookworm  infestation,  malaria,  dysentery,  and 
tuberculosis  are  endemic.  Wmherwrim  beneffti  is  also  present.  The  results 
of  surreys  fay  the  malaria  control  organisation  follow. 

SotMUon  Islands  and  Saint  Matthias  Grsnp.  The  natives  of  the  main 
Solomon  Islands  and  the  Saint  Matthias  Group  are  Melanesians.  In  1989, 
the  population  of  the  Solomons,  including  Bougainville,  was  given  as  500 
Caucasians,  140,000  Melanesians,  and  200  Chinese.  At  the  time  of  Allied 
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occupation,  most  of  the  Ciiucnsiiiii.s  Imd  fled.  The  |x>pnlntion  of  Guadalcanal 
was  about  20,000  and  that  of  Hoiigninville  about  45,000.  The  natives  lived 
rather  primitively  in  small  villages,  family  groups,  or  families. 

When  the  fighting  began  in  the  Solomons,  the  local  inhabitants  left  the 
combat  areas.  After  the  islands  had  been  secured,  they  were  usually  prevented 
from  reentering  the  troop  area.  Native  labor  camps,  however,  were  at  first 
often  located  in  tlie  troop  area.  Later,  some  were  moved  away.  Local  traders 
also  visited  the  troop  areas  during  tlie  daytime  to  trade,  but  were  not  permitted 
to  sleep  there. 

Solomon  islanders  are  heavily  infected  with  tuberculosis,  yaws,  and  hook¬ 
worms.  In  surveys  of  2,500  Guadnlcnnal  residents  curried  out  by  military 
malaria  control  personnel,  22  percent  were  found  to  have  11*.  banvmfti  micro¬ 
filariae  in  their  blood.  Malaria  is  hypereiulemic  among  tlie  natives. 

Incidence  of  malaria. — Data  on  tlie  incidence  of  malaria  in  tlie  New 
Hebrides,  Solomon  Islands,  and  Saint  Matthias  Group  have  lieen  given  by 
Levine  and  Harper.*  In  addition,  the  report  of  Sayers*  on  malaria  in  the 
New  Georgia  Group,  Solomon  Islands,  became  available  during  the  war. 
Sayers,  who  had  conducted  a  hospital  at  Munda  and  later  at  Vella  Lavella, 
Solomon  Islands,  from  1027  to  1034,  liad  treated  741  parasite-positive  natives 
from  a  population  of  about  8,000.  In  these  clinical  cases.  Plunmodivm  fntcip- 
urmm  was  present  in  44  percent,  Plaxmodlvm  virase  in  32  percent,  Plfitmodhim 
mal/triae  in  18  percent,  and  undetermined  species  in  6  percent.  The  spleno¬ 
megaly  rate  among  365  children  was  73  percent.  Clinical  malaria  was  not 
common  in  New  Georgia  natives  over  30  years  of  age. 

Tlie  malaria  rates  reported  by  tlie  military  malaria  control  personnel  were 
based  on  single-smear  surveys  made  on  thick  smears  stained  with  Gietnsa  stain. 
They  are  not  comparable  with  Sayers’  figures,  since  his  were  based  on  clinical 
cases. 

The  prevalence  of  malaria  observed  in  these  surveys  is  given  in  table  58. 
The  surveys  on  natives  of  Mil  a  its  and  San  Cristobal,  Solomon  Islands,  and 
one  of  those  on  Guadalcanal  were  made  on  adult  male  laborers  who  were  living 
in  labor  campa  on  Guadalcanal  at  the  time  of  examination.  The  parasite  rete 
eras  relatively  low  in  them  three  surveys,  ranging  from  7  to  11  percent.  Sines 
the  parasite  rats  among  the  Guadalcanal  villagers  was  58  percent  and  the  rats 
among  ths  Guadalcanal  laborers  was  10  percent,  it  is  clear  that  the  prevalence 
of  in  healthy,  adult  laborers  cannot  be  token  as  indicative  of  the 

rata  among  the  people  aa  a  whole. 

flMmAm  species  4Uritotim> — The  species  of  WMaWfm  encoun¬ 
tered  in  the  surveys  are  given  in  table  80.  P.  vivo*  was  the  most  common  on 
all  islands  except  Emirao,  being  found  in  41  to  88  percent  of  the  positive 


•  Lfrfw.  S.  TV.  laifn.  P.  A. :  Malaria  aaS  Otter  Imct-Bone  Dtaaaaaa  la  the  Saath  PacMa 
Qmpalaa.  IMI-1M:  IV.  Pa mt Marital  OkMrrallMM  aa  Malaria  hi  Natlraa  aa*  Tmy.  aad  aa 
PlUrkria  la  Natlraa.  Aa.  J.  Tr»a  Sri.  17  <aa*H.) :  11S-1SS,  Mar  IMT. 

•Harm,  K.  0.:  Malaria  la  the  Raatb  PariSe  Witt  Sparta  1  mftraaw  ta  Iba  Waan  IrisaS*. 
Kav  Saalaad  Oaaanaaaat  PriaUar  OHca,  IMS. 
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smears  from  these  islands.  The  most  common  species  on  Eminui  was  P. 
falci/Mrvm,  which  was  present  in  45  percent  of  the  smears.  On  the  other 
islands,  this  species  was  found  in  6  to  37  jiercent  of  the  positive  smears. 
P.  malar  tae  was  not  found  on  Efate,  Treasury,  Malaita,  or  San  Cristobal 
Islands.  However,  surveys  on  the  last  two  islands  were  made  on  adult  laborers. 
P.  malariae  comprised  25  percent  of  the  positive  smears  on  Emirau  and  20 
percent  of  those  on  Savo.  Its  prevalence  on  the  other  islands  ranged  from 
0.5  to  12  percent. 


Table  50. — Prrraltnct  of  malaria  paraoitcmia  on  South  Paci  fic  iiland* 
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In  survey*  made  on  Guadalcanal,  91  percent  of  44  children  from  birth  to  6  years 
of  age,  72  percent  of  51  children  from  9  to  15  years  of  age,  and  88  percent  of  N 
persons  over  15  years  of  age  carried  plasmodia  in  their  blood.  Similar  de¬ 
creases  in  prevalence  with  age  were  found  on  Savo,  Green,  and  the  Burnell 
Islands.  On  Guadalcanal,  the  most  common  specks  in  all  age  groups  was 
P.  viva*.  In  the  yoongeat  age  group,  P.  falciparum  was  the  least  common 
specks,  bat  its  prevalence  was  higher  in  the  two  older  groups,  while  that  of 
P.  malariae  decreased  with  age.  The  prevalence  of  P.  falciparum  also  in¬ 
creased  with  age  on  the  other  islands  but  that  of  P.  malariae  was  variable. 

Splenomegaly  rates, — Splenomegaly  was  observed  in  61  percent  of  110 
residents  on  Efate,  57  percent  of  101  on  Espiritu  Santo,  73  percent  of  258  on 
Guadalcanal,  70  percent  of  37  natives  on  Florida,  57  percent  of  219  laborers 
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TaRI.E  60. —  Plasmodium  specie*  in  South  Pacific  surrey* 
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from  Malaita,  66  percent  of  103  residents  on  tlie  Ruaeells,  7ft  percent  of  500 
natives  on  Bougainville,  57  percent  of  210  laborers  from  Sun  Cristobal  Island, 
34  percent  of  37  villagers  on  Treasury,  65  percent  of  542  natives  from  Green, 
and  85  percent  of  263  on  Emirs u. 

Mosquito  Vectors  of  Malaria 

Six  species  of  Anopkeks  are  known  to  occur  in  the  islands  of  the  South 
Pacific  Area.  These  species  and  their  recorded  distribution  are  as  follows: 

Arm 

iwp tie*  fmrmmll  La  vena  IMS _ All  malarioua  bases. 

Auapkcfe i  tsUeasts  Owes  IMS _ Gwadatraaal,  aorth  coast. 

Aaopfedrt  (sapae  Betkia  and  Rtklomr  1044 _ Guadalcanal,  aartk  and  aartk- 

weot  eaaat :  Ka^raas  Aagaata 
Bar.  BaaaahnrBto ;  Maada. 
Now  Oairgli. 

Aaophc leo  aafallae  Betkia  1045 _ Oaadalraaal  aartk  eaaat. 

iMfleto  paaetotolM  Malta  1001 _ Gaadalcaaal.  aartk  aad  natk- 

west  moats;  Bauweas  Aa¬ 
gaata  Bar.  BoasatariUa. 

Aaepkefes  ratoanalr  Betkia,  Kaigkt,  aad  Boatbooai  IMS _ Gaadalcaaal,  aortkweat  eaaat: 

Maada,  Near  Georgia. 


Characteristics  of  mekuria  vectors 

In  the  South  Pacific  Area,  the  principal  vector  of  human  malaria,  and 
probably  the  only  one  of  military  importance,  was  .4.  fanauti  Laveran  (fig. 
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UA).  Anopkelr»  kolietui*  Oww  ( B>r.  MU)  was  known  to  be  strongly  anthro- 
pophilic  and  thus  potentially  an  in  pot  taut  rector  but  of  limited  geographic 
distribution.  In  the  limited  aw*  on  Guadalcanal,  in  which  R  is  known  to  occur, 
it  may  bare  been  of  notue  consequence  daring  the  period  of  combat  and  early 
occupation.  Available  information  indicate*  that  other  species  of  Anopheht 
were  not  involved  in  the  traramimion  of  malaria  to  troops. 
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Breeding  habits. — Aiiophefm  famuli  larvae  usually  mviirml  in  grviiii'st 
numbers  and  higliest  concent  rut  ions  in  sunny,  slightly  brackish  lagoons  iu 
association  with  emergent  aquatic  vegetation  and  surface  debris.  The  sjiecies 
also  utilized  almost  every  conceivable  type  of  aquatic  habitat  with  tire  exception 
of  artificial  containers,  tree  holes,  open  moving  water,  and  highly  saline  water. 
On  occasions.  .4.  famuli  larvae  were  even  found  in  artiHciul  catchments  when 
these  were  of  sufficient  size  to  approximate  ground  pools.  Tlie  ability  of  the 
Species  to  utilize  these  niuny  tyjies  of  habitats  greatly  influenced  its  importance 
as  a  malaria  vector.  It  occurred  abundantly  in  permanent  or  temporary  sur¬ 
face  water  catchments  of  all  kinds,  in  tidal  and  fresli-wuter  svvniii|»s  and 
lagoons,  and  to  a  lesser  extent  in  streams,  see]iage  areas,  uml  open  wells.  Al¬ 
though  it  preferred  sunlit  water,  it  also  occurred  in  rather  heavily  shaded  areas. 
The  larval  developmental  period  was  short,  especially  during  the  so-called  dry 
season  wlien  prolonged  periods  of  sunlight  considerably  increased  the  water 
temperature  of  typical  breeding  habitats. 

Observations  on  Guadalcanal  eliowed  that  under  favorable  cimiiiistnuees 
A.  famuli  could  complete  development  from  egg  to  p»|>a  in  5  (lays,  mid  from 
egg  to  adult  in  8  days.  The  normal  developmental  cycle  from  egg  lo  adult  was 
usually  considered  to  lie  between  «  and  10  days,  and  lurvicidal  schedules  were 
arranged  accordingly.  The  ability  of  .1.  famuli  to  initiate  an  epidemic  of 
malaria  is  clearly  illustrated  by  tlie  experiences  of  conilmt  troops  during  the 
early  phases  of  the  Guadalcanal  Campaign. 

Insofar  as  they  are  known,  the  larval  habitats  of  .1.  ioHtnti*  are  similar 
to  those  of  A.  famuli,  although  information  is  not  available  to  indicate  wlietlier 
or  not  A.  lcoUen»i»  adapts  itself  to  tlie  wide  range  of  habitats  that  are  utilised 
by  A.  famuli.  During  periods  of  prolonged  rainfall,  A.  puHctuhitu*  larvae 
are  found  in  typical  .1.  famuli  habitats,  but  during  tlie  dry  season  this  species 
disappears  from  the  coastal  section  of  Guadalcanal.  Anophelet  luuyae  occurs 
in  coastal  swamps  and  seepage  areas  and  shows  a  decided  preference  tor  si i* tied 
habitats.  Both  A.  m/omosm  and  A.  nataiias  occur  in  tlie  low  foothill  section 
along  the  northwest  coast  of  Guatlakanal,  tlie  former  having  been  collected 
from  potholes  in  a  coral  streambed  and  from  seepage  areas.  Both  species  were 
usually  found  in  dear  water,  densely  shaded. 

HaMtsaf  adaltdaa pkaim,  -All  the  species  of  Anapheh*  encountered  in 
the  South  Pacific  Area  were  nocturnal  in  their  biting  habits,  although  under 
favorable  conditions  of  low  light  intensity  daytime  biting  fay  A.  famuli  was 
not  uncommon.  Thin  species  was  observed  to  bite  as  early  ss  1600  hours  in 
jangle  area  on  a  cloudy  day  and  as  late  as  0730  hours  in  thatched  huts  on  a 
relatively  bright  day.  Normally,  the  biting  activities  of  A.  famuli  were  lim- 
itad  to  the  period  from  dusk  to  shortly  after  dawn.  Practically  all  Anopkrfr* 
caught  in  routine  night-biting  catches  on  Guadalcanal  were  A.  famuli,  except 
for  the  relatively  limited  area  in  which  A.  katie a*»#  was  known  to  occur. 

Man  is  generally  considered  to  be  the  normal  host  of  A.  famuli  peril*]* 
in  part  because  there  are  usually  few  other  large  mammals  available  in  the 
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South  Pacific  islands.  However,  host  preference  tests  conducted  on  Efate 
showed  that  the  s|ieeies  fed  readily  on  cuttle,  horses,  pails,  pigs,  dogs,  and 
chickens.  Available  evidence  also  indicates  the  proltnhle  existence  of  host- 
adapted  strains  of  A.  farauti  on  (juudnlrannl.  In  11*44,  numerous  attempts 
were  made  to  attract  adult  A.  farauti  to  liinninis  at  night  in  the  vicinity  of  an 
abandoned  plantation  near  the  mouth  of  the  lhilasunn  Itiver.  Although 
weather  conditions  were  favorable  for  mosquito  activity,  and  high  larval  and 
pupal  populations  were  known  to  exist  in  nearby  lagoons,  no  adults  were  seen. 
Similar  oliscr  cations  were  made  in  other  areas  remote  from  existing  human 
habitations.  It  was  also  rej»entedly  observed  that  adults  reared  from  larvae 
collected  outside  the  zone  of  normal  human  activity  fed  rarely  or  not  at  all  on 
humans  under  laboratory  conditions.  On  the  other  hand,  specimens  in  cap¬ 
tivity  reared  from  the  eggs  of  gravid  females  captured  in  native  villages 
usually  fed  readily  on  humans.  The  successful  colonization  of  .1.  famuli  for 
laboratory  study  was  usually  accomplished  by  stnrtiug  tlie  colony  with  such 
material.  Inadequate  facilities  and  lack  of  time  prevented  detailed  study  of 
this  interesting  and  probably  important  phenomenon. 

As  previously  indicated,  .1.  Jcolicn »i»  was  strongly  nnthr»|>ophilic  and 
frequently  taken  in  night  catches  with  liunians  as  bait,  and  in  the  tents  and 
thatclied  huts  of  native  laborers.  Anopkele*  jmHitutatH*  and  .1.  hmyae  were 
but  rarely  attracted  to  humans,  even  when  existing  |>opiilnt  ions  were  high. 

The  daytime  resting  places  for  both  .1.  farauti  and  .1.  kof  it  Haiti,  except  for 
recently  engorged  females,  apparently  consisted  of  any  cool,  moist,  shaded 
place.  Because  adult  population  sampling  is  generally  thought  to  be  the  most 
accurate  measure  of  an  existing  mosquito  population,  many  efforts  were  made 
to  seek  out  the  daytime  resting  places  of  .1  farauti  in  the  South  Pacific.  Al¬ 
though  almost  every  conceivable  type  of  habitat  was  explored,  at  no  time  were 
adults  encountered  with  suficient  consistency  or  in  suftcient  numbers  for  this 
method  to  be  used  as  a  basis  for  measuring  the  effectiveness  of  s  control  pro¬ 
gram.  On  the  day  following  a  nocturnal  blood  meal,  A.  farauti  and  A .  iWiwuu 
females  frequently  remained  in  the  dark  parts  of  native  huts  or  tightly  closed 
tents  but  would  leave  by  duak  or  shortly  thereafter.  There  was  little  evidence 
to  indicate  that  blooded  femake  lingered  after  obtaining  a  meal  in  open  tents 
wach  as  were  anally  ussd  by  troops,  in  thatched  shelters  without  walls,  or  in 
the  more  open  type  of  native  huts.  Observations  conducted  during  1944  on 
Guadalcanal,  involving  daily  counts  of  the  Anopketr*  resting  in  pyramidal 
tents  used  to  hones  Melanesian  laborers,  showed  that  the  population  remained 
fairly  constant  but  consisted  almost  entirely  off  freshly  blooded  females. 

Anopkelr*  panctaiatu*  and  A.  lumgae  were  observed  to  rest  during  the 
daytime  on  the  moist,  lichen-covered  surface  of  the  buttressed  hases  of  huge 
font*  trees  in  deep  jungle  shade.  Only  rarely  were  specimens  of  .1.  fa  mat  i 
observed  in  such  places. 
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Results  of  Combat  and  Occupation  on  Malaria 
Potentialities  of  the  Area 

The  full  significance  of  the  changes  which  1«m1  to  increased  mos«|uito  breed¬ 
ing  under  conditions  of  combat  mid  occupation  in  the  South  Pacific  Arm  are 
appreciated  only  when  viewed  in  contrast  to  the  conditions  prevailin':  in  jungle 
or  tropical  areas  occupied  only  by  local  populations.  Before  invasion  or  occu¬ 
pation,  extensive  breeding  of  .1.  farauti  was  limited  largely  to  coastal  lagoons 
and  native  clearings  along  inland  streams,  if  one  may  correctly  judge  by  the  sit¬ 
uation  jiertainiiig  in  those  areas  not  disturlwd  by  occupation  forces.  Alihoiigh 
mosquitoes  were  almost  invariably  present  in  isolated  native  villages,  the  num¬ 
bers  were  small. 

With  tlie  advent  of  combat  and  occupation,  and  its  associated  myriad 
activities  of  supply  and  movement,  there  were  soon  created  innumerable  water 
catchments  such  as  shell  and  bomb  craters,  abandoned  gun  positions  and  bomb 
shelters,  foxholes,  and  ruts  made  by  vehicular  traffic.  Airfield  construction 
and  roadbuilding,  often  hastily  done,  created  further  impoundment  of  water. 
Once  created,  these  water  catchments  could  never  be  quickly  eliminated  because 
of  the  limited  amount  of  personnel  and  equipment  that  could  be  assigned  to 
malaria  control  activities.  Anophele*  farauti  soon  utilized  tliese  many  water 
surfaces  for  larval  development,  with  the  result  that  tliere  was  a  rapid 
and  enormous  increase  in  the  a  nop  he  line  population  of  the  area.  Because 
personal  protection  from  the  bites  of  mosquitoes  during  combat  and  early  occu¬ 
pation  was  diflicnlt  to  attain,  a  high  percentage  of  the  female  Annphelr*  were 
able  to  obtain  Mood  meals,  further  enhancing  the  mosquito  breeding  and 
malaria  transmitting  potential. 

MALARIA  EXPERIENCE 

Admission  rates  for  malaria  in  Army  personnel  in  the  South  Pacific  theater 
are  given  in  tables  61, 62, 63,  and  64.  Since  these  rates  include  both  malarious 
and  noil  malarious  bases,  they  do  not  give  a  true  picture  of  the  situation  in  the 
command.  Since  Army,  Nary,  Marine,  and  Allied  troops  lived  in  close  prox¬ 
imity  and  aince  different  islands  differed  markedly,  a  much  better  picture  of 
the  situation  is  given  if  the  rates  of  all  troops  are  considered  on  each  island. 
Rates  in  these  tables  refer  to  clinical  malaria  cases  and  do  not  indicate  the  actual 
malaria  infection  rate.  Many  troops  on  suppressive  Atabrine  therapy  did  not 
develop  clinical  malaria  until  after  they  bed  stopped  taking  the  drug.  An 
indication  of  the  true  infection  rate  was  obtained  in  units  which  were  taken 
off  suppressive  Atabrine  therapy  after  having  become  more  or  lees  heuvily 
aeeded  with  malaria. 

■fate, — Efate  was  the  first  malarious  island  to  be  occupied  in  the  Sooth 
Pacific.  Troops  landed,  in  March  IMS,  to  build  an  airfield.  They  were 
bivouacked  near  a  native  labor  camp  in  an  area  where  anophelines  were  numer¬ 
ous.  They  lacked  sufficient  bed  nets  and  were  required  to  work  at  night. 
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Fimlirrinoiv.  they  did  not  realize  how  serious  nmlnriu  could  lie.  Tlie  miilsriii 
rale  readied  3JS7H  per  1,000  per  annum  in  April  (table  til).  (Quinine  was  tlie 
only  iiiitimalarial  drug  available,  and  in  May  aliotit  one-half  tlie  troops  were 
ordered  to  lake  O.ICI  gin.  quinine  daily ;  this  amount  was  Inier  increased  lo  0.06 
gm.  daily.  Tliese  amounts  failed  to  suppress  the  disease  satisfactorily,  and  in 
July.  0.4  gm.  Atabrine  weekly  wns  begun.  11a*  first  malaria  control  personnel, 
one  Navy  officer  and  three  enlisted  men,  arrived  on  28  July  1W2.  Malaria  rates 
decreased  to  !*s-J  per  1.000  per  annum  in  May  and  combined  to  decline  until 
tliey  readied  a  low  of  144  per  1,000  |ier  annum  in  Se|>tember.  This  decline  was 
due  to  the  initiation  of  insert  control  measures,  to  suppressive  therapy,  and  to 
tlie  onset  of  tlie  dry  season.  Atabrine  was  given  to  the  villagers,  and  tlieir  huts 
near  tlie  troop  areas  were  sprayed  daily  with  a  pyrethrum  spray.  The  largest 
native  lalior  camp  was  not  moved  lo  a  safe  distance  from  troop*  until  nearly  a 
year  after  tlie  original  epidemic.  Antimoequito  work  was  well  organised  by 
early  DM3,  Imt  lieavy  equipment  for  semipermanent  mosquito  control  work  did 
not  become  available  until  IS  months  after  tlie  first  landing. 

Suppressive  Atabrine  therapy  was  discontinued  in  September  IMS  became 
of  the  low  malaria  rate.  The  rate  promptly  increased,  reaching  430  per  1,000 
per  annum  ill  November,  Suppressive  Atabrine  tlierapy  waa  resumed  in  Novem¬ 
ber  except  for  lightly  seeded  personnel  living  in  screened  quarters,  and  the 
malaria  rate  again  decreased.  In  IMS,  many  of  the  heavily  seeded  troops  left 
Efate,  and  the  remaining  troop*  were  withdrawn  from  poorly  controlled  arms. 
By  July  lOt 5.  tlie  malaria  rate  was  138  per  1,000  per  annum,  of  which  only  66 
were  original  admissions  (table  63).  At  this  time  suppressive  Atabrine  therapy 
was  discontinued  on  the  island.  Tlie  subsequent  rates  remained  low.  with  a  high 
percentage  of  relapses. 
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Table  64.-  -Admitiion  rate*  for  malaria  in  combinrd  Army,  Xary,  Murine,  and  Allied  troops 
in  teleUed  nrtat  of  the  South  Pacifie,  by  month  -md  y  nr,  Jnnum  y-June  Jit 40 


[Rat.  exprenrtt  M  auinbrr  at  can  per  annum  jut  1,C»0  Bvrncf  Mrrarlli] 
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Espiritu  Santa. — This  island  was  mviipied  wii  limit  np|K«itiuu  in  May 
11142.  The  dry  season  had'lieguii,  and  there  was  very  little  iiK**|iiito  breeding 
near  the  campsites.  Even  though  drug  suppression  was  not  practiced,  no  cases 
of  malaria  were  re|>orted  nnt  il  Sejrteinber.  In  Se|>teniber,  October,  aiul  Novem¬ 
ber,  fresh  troops  were  cani|>rd  near  lieavily  seeded  natives  in  suoplielilie  breed¬ 
ing  uiess.  Tlie  more  exposetl  personnel  were  placed  <hi  suppressive  Atahrine 
therapy,  and  tlie  malaria  rate  did  not  rise  beyond  2.V5  |«er  1,000  j*er  annum." 
It  reacjud  this  level  in  January  1943,  and  thereafter  declined  slowly  ( table  tti). 
After  the  original  admission  rate  had  reached  109  per  1.000  per  annum  in  May 
1943,  suppressive  Atahrine  therapy  was  discontinued.  Tlie  rate  continued  to 
drop,  the  original  admission  rate  being  16  per  1,000  per  annum  in  November 
1943  and  declining  still  further  later  on. 

A  baas  malaria  control  group  consisting  of  two  Navy  other rs  and  eight 
Navy  enlisted  men  was  set  up  in  September  1942.  Troop  areas  were  kept  as 
tar  from  local  settlements  as  possible.  The  inhabitants  were  given  suppressive 
Atahrine  therapy,  and  their  hats  were  sprayed  regularly  with  pyrethrum  be¬ 
ginning  early  in  1943.  Residual  spraying  of  the  huts  with  DDT  was  begun  in 
mid- 1944.  An  extensive  lanriciding  and  semipermanent  control  program  was 
in  operation  by  mid-1943.  It  wasao  effective  that  after  this  time  it  was  unusual 
to  ted  adult  anophetinea  in  the  main  troop  areas.  Outlying  anas,  however, 
continued  to  he  highly  malarious,  and  troops  on  out  poet  duty  became  heavily 
infected. 

GankltaatL — The  first  landing  on  Guadalcanal  was  made  by  Marins 
units  in  August  1942.  The  first  Army  units  arrived  in  October.  At  first  anti¬ 
malaria  supplies  were  either  unavailable  or  inadequate, and  no  significant  amount 


) '< I/NICA III.K  1USKAKKK 


42<i 


of  moH|iiito  control  wiis  done.  The  fuel  I  lint  there  were  few  ruses  of  iiuiltiriit  in 
August  and  September  led  tothe  feeling  I  Imt  the  iliseiee  would  lie  ini)in|M>rtaiit. 
No  malaria  com  ml  measures  were  undertaken  during  the  early  months,  partly 
because  of  the  des|>ernte  military  situation  and  partly  lieenuse  res|snisilde  offi¬ 
cers  did  not  nnderstund  how  serious  a  hazard  malaria  eon  Id  lie.  The  prevailing 
attitude  was  expressed  hy  one  higit  milking  officer  who  said  :  “We  are  here  to 
kill  Japs  and  toliell  with  mosquitoes.’' 

However,  the  terrain  and  tlie  results  of  coinlait  combined  to  produce  ideal 
conditions  for  tlie  breeding  of  enormous  ininiliers  of  imwqnitoes.  The  com- 
bination  of  nlamdant  anopheline  hmsling,  a  highly  malarious  source  of  infec¬ 
tion  (the  native  Melanesians  ami  the  Japanese  lroo|»),  and  almost  complete 
absence  of  antimalaria  precautions  caused  tlie  malaria  rate  to  rise  precipitously 
to  1,664  per  1,000  |»er  iiiiiiuni  in  October  lWii  and  to  1,781  in  Xoveiulwr  (table 
61).  Malariu  remaimsl  epidemic  for  at  least  !)  months.  Of  tlie  estimated 
100,000  cases  of  malaria  contracted  in  the  South  Pacitir,  more  than  lliree-liftlis 
were  probably  contracted  on  Ouadalcanal,  anti  most  of  these  during  tlie  |>eriod 
Octolier  1942  to  August  11443.  In  July  104.’!,  tlie  malaria  rate  was  t!08  |**r  1.000 
per  iiiinmu,  of  which  -‘VI 2  |ier  1  J>00  per  auniim  were  original  ndmissHiiis  (table 
02).  Tlie  rate  drop|>ed  to  263  |ier  1,000  per  aiiuum  (of  which  142  were  original 
admissions)  in  August  1943  and  continued  tn  decline  steadily  tlierrafter.  In 
February  1044,  when  tlie  original  malaria  admission  rate  was  74  |ier  1,000 
|irr  annum,  suitprrssive  Atahrine  thempy  was  discontinued  in  lightly  seetled 
units.  Tlie  rate  continued  to  ilecrease.  By  October  1044,  alsmt  26  |ierceiit  of 
tlie  f  rooj>«  had  I  wen  taken  off  Atahrine,  tlie  total  malaria  rate  was  51,  au«l  tlie 
original  admission  rate  was  22  per  1JIOO  per  annum  (table  63).  By  June  1045, 
over  75  |ierceiit  of  tlie  troops  had  been  re  leaned  from  suppressive  Atalirine,  the 
total  malaria  rate  was  0,  and  the  original  admission  rate,  6  per  1,000  per 
annum  (table  64). 

A  law  malaria  cuntrol  group  consisting  of  two  Navy  oSerrs  ami  eight 
Navy  enlisted  men  was  established  in  November  1942.  This  organization  was 
later  expanded  greatly,  and  Army  personnel  eventually  predominated.  By 
far  the  largest  amount  of  antimalaria  work  on  any  bland  was  done  on  Guadal¬ 
canal.  By  the  Utter  (wrt  of  1943,  control  work  was  well  advanced.  After 
that  t’me,  adult  anophiriinr*  were  diSrult  to  find  in  the  occupied  area  except 
during  sporadic  infestations. 

Tha  most  important  measure  responsible  fur  the  gnat  decline  in  the 
malaria  rate  was  the  extensive  mosquito  control  work,  both  brviridal  and 
drainage,  which  was  carried  out.  Atahrine  suppressive  therapy  lowered  the 
rates  in  heavily  seeded  troops.  Administration  of  suppressive  Atahrine  and 
mass  therapy  to  natives,  spraying  of  their  huts,  and  removal  of  native  lahor 
camps  from  troop  areas  (not  aceomplblied  completely  until  August  1944) 
were  also  lielpful.  Other  factors  were  the  improvement  in  living  conditions 
for  the  troops,  particularly  the  provision  of  screened  quarters,  ami  extensive 
education  in  |wnmual  malaria  preventive  measures. 
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During!  tli«*  curly  ]>erind.  tnxi|»  which  hud  staged  in  mioanit i-ollotl  arras  on 
Guadalcanal  for  only  n  few  ilnys  ami  then  moved  on  to  other  islands  often 
had  severe  ninlnrin  outbreaks  traceable  to  their  exposure  on  Guadalcanal.  To 
prevent  this,  n  troop  hivmmc  nren  of  nlxint  00  squaw  miles  was  established  in 
Xoveinlier  1941.  Mosquito  control  was  <-arric<l  out  liere  continunlly.  Xo  or¬ 
ganization  was  allowed  to  bivouac  outside  this  urea  without  special  permission. 

Tulagi-Flarida  Islands. — The  initial  landing  in  tl*e  Florida  group  of 
islands  was  made  in  August  1042.  fnmlmt  did  not  Inst  long,  but  small  groii|>s 
of  tivio|is  were  widely  scattered  and  liiul  inatleipiate  untininlariii  supplies.  A 
Xavy  ninlnrin  control  grtaip  began  its  activities  late  in  1942.  Before  this  time, 
no  iitularin  rates  for  all  tnnqis  were  available,  altliongb  in  one  organization 
of  2.17  men  the  malaria  rate  was  2,004  per  1JNN4  |ier  iinnnm  ill  Decenihcr  1912, 
when  tlie  men  were  supposedly  Inking  0.4  gm.  Atabrine  n  week. 

Tl>e  higliest  total  rate  for  this  small  group  of  Imses  was  591  per  1,000  per 
iimniin  in  May  1941  (table  02).  Most  of  the  cases  were  in  a  few  units  in 
|M>orly  controlled  areas.  Atabrine  suppression  tliernpy  was  discontinued  in 
about  uue-half  tike  troops  in  August  1941;  it  was  discontinued  in  all  troops  in 
Se|»teiiiU-r  1944.  At  ibis  time,  the  total  malaria  rate  was  ami  the  original 
admission  rate,  10  (ier  1,009  |«r  annum  (table  61).  Effective  inosqnito  control 
work  played  tike  major  part  in  reducing  tike  malaria  rate  ihi  tlirse  small  liases. 
It  was  made  difficult  and  complex  by  their  scattered  situation. 

RmmII  Iatauda.— lTnop|sised  landings  wen  made  on  tlie  Russell  Islands 
in  late  February  1941,  ami  a  base  malaria  control  unit  arrived  on  Marcli  3. 
Then  wen  neitlier  natives  nor  Japanese  on  Banika  or  l’avuvu,  the  two  main 
islands  occupied.  Mosquito  lured  ing  sites  wen  numerous;  hundreds  of  ponds 
about  90  fret  in  diameter  were  present,  in  the  cocoanut  plantations. 

The  4-‘VI  Division,  which  made  the  initial  landings,  had  been  seeded  with 
malaria  on  Guadalcanal,  as  liad  many  of  the  troops  which  arrived  later. 
Antimalaria  details  wen  established  in  all  units  of  tlie  43d  Division  and  in 
the  Xavy  ami  Marine  units  within  a  month  of  oecu|aition.  A  small  staff  of 
malaria  control  personnel  was  able  to  effect  a  very  considerable  degree  of  con¬ 
trol  under  caulit  mmi*  which  wen  favorable  to  the  development  of  epidemic 
nwlsria.  The  malaria  rate  for  March  was  281  per  ljl)»)0  per  annum,  most  caaea 
faring  caused  hy  P.  fifelpmmm.  Suppressive  Atabrine  therapy  was  given  at 
the  rate  of  0.4  gm.  |«er  week,  a  dosage  later  found  to  be  inadequate :  supervision 
was  unsatisfactory.  As  a  consequence,  malaria  rates  of  200  to  400  per  ljOOO 
per  annum  continued  through  September.  However,  unseeded  unite  which 
came  to  these  islands  did  not  develop  them  high  rates. 

New  Georgia  Group. — The  43d  Division  attacked  Rendnva  Island  in  the 
New  Georgia  Group  on  1  July  IMS  and  assaulted  Munda  in  mid-July;  the  37th 
and  25th  Divisions  joined  it  later.  During  the  first  2  months,  lieavy  combat 
caused  the  formation  of  many  shellholes,  bomb  craters,  foxlwtee,  ruts,  and 
other  sources  of  mosquito  breeding.  The  seedbed  consisted  of  Japanese  and 
already  infected  Allied  troops.  The  Allied  troops  were  presumably  taking 
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0.4  pm.  suppressive  Atnhrine  weekly,  but  its  administration  was  poorly  super¬ 
vised.  Anopheline  breeding  rapidly  became  a  serious  problem  both  oil  Ren- 
dova  and  New  Georpia. 

A  malaria  control  team  consistinp  of  an  Army  malariolopist,  a  Navy  par¬ 
asitologist,  and  several  corpsiiieii  landed  on  lteiidovn  oil  11  July  and  moved  to 
Munda  in  August.  This  group  early  initiated  a  control  program  on  Rendova 
which  kept  moequito  breeding  at  low  levels  and  then  vigorously  attacked 
anoplieline  breeding  areas  in  the  main  occupied  areas  of  New  Georgia.  This 
was  the  first  attempt  to  control  malaria  under  combat  conditions  in  the  South 
Pacific  Area  and  demonstrated  that  a  small  group  of  trained  personnel  with 
simple  equipment  could  accomplish  much  valuable  work.  It  was  a  new  concept 
in  malaria  control  ami  was  the  basis  for  tlte  subsequent  assignment  of  survey 
and  control  personnel  to  all  large  combat  units. 

The  malaria  rate  readied  a  peak  of  629  per  1,000  per  annum  in  September 
1943;  much  of  this  was  due  to  relapses  in  tlie  heavily  seeded  25th  Division  which 
had  a  rate  above  1,0(>0  per  1,000  per  annum  at  this  time,  lly  December,  most 
of  the  heavily  seeded  units  had  left  the  base,  and  (lie  rate  was  258  ]>cr  1,000  per 
annum.  By  May  1944,  it  had  dropped  to  51  per  1,000  per  annum. 

Vella  La  valla-— Vella  Lavella  was  invaded  on  15  August  1943  by  the  3d 
New  Zealand  Division  and  a  small  American  force.  It  was  secured  on  9  Oc¬ 
tober.  A  malaria  control  unit  consisting  of  4  ofccers  ami  33  enlisted  men  ar¬ 
rived  with  the  division,  and  a  Navy  control  group  was  also  present  Most  of 
the  malaria  cases  occurred  in  a  Marine  defense  battalion  which  had  hren  heavily 
seeded  on  Efate  in  1942.  The  rate  in  this  battalion  was  964  per  1,000  per  annum 
in  April  1944 ;  at  the  same  time,  the  island  rate  was  320  per  1,000  per  annum 
(table  63).  The  method  of  administration  of  suppressive  A ta brine  in  this 
battalion  was  improved;  in  May  its  malaria  rate  had  fallen  to  114,  while  the 
island  rate  was  64  per  1,000  per  annum.  The  continuing  low  rates  in  the 
previously  unseeded  New  Zealand  division  are  a  tribute  to  Ha  malaria  discipline 
and  effective  larviciding  program. 

Bwphdlk  The  landing  was  made  at  Empress  Augusta  Buy,  an  al¬ 
most  uninhabited  ana,  in  November  1943.  Malaria  control  groups  accom¬ 
panied  the  3d  Marine,  America!,  and  37th  Divisions.  A  base  malaria  control 
group  waa  esUhlnked  in  January  1944.  Became  there  wen  extensive  swamps 
near  the  beach,  the  troop  ana  was  established  at  mine  distance  from  the  beads, 
where  the  underlying  sandy  soil  proved  easy  to  draia.  Control  work  was 
started  early,  aad  the  malaria  rate  never  become  high.  A  peak  rata  of  119 
per  1,000  per  annum  was  recorded  in  January  1944  (table  63).  Even  though 
amny  of  the  troops  were  already  seeded.  Off  gm.  weekly  of  suppressive  Atabrias 
helped  keep  the  rate  km.  Aerosol  bombs  wen  available  and  were  widely  used. 

Minor  outbreuks  of  malaria  occurred  in  troops  on  perimeter  defense  and 
in  thorn  making  sorties  into  enemy  territory.  Most  of  these  rases  were  das 
to  P.  falciparum,  while  most  of  thorn  in  the  controlled  ana  wen  relapses  doc 
lo/'.rm*. 
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Eaini  Island. — An  unopposed  landing  was  made  on  this  small  island  in 
March  1944.  A  malaria  control  group  accompanied  the  troops  and  began  a 
very  effective  mosquito  control  program  immediately.  Even  heavy  equipment 
drainage  of  all  swamps  was  completed  in  3  months.  The  220  natives  who 
lived  in  Emirau  were  moved  to  another  island. 

The  malaria  experience  of  some  of  the  Army  units  is  of  particular  interest, 
since  their  personnel  did  not  change  so  much  os  did  those  on  the  various  islands. 

Americal  Division. — This  division  moved  to  Gaiidalcannl  hy  echelons  in 
October,  November,  and  December  1942.  The  troops  lived  and  fought  in  highly 
epidemic  areas.  There  was  very  little  malaria  discipline,  no  repellents  or 
Aerosol  bombs,  and,  although  0.4  gm.  Atabrine  weekly  was  prescribed,  it  is 
doubtful  if  it  was  taken  very  carefully.  The  monthly  malaria  rate  ran  as  high 
an  1,358  per  1,000  per  annum,  while  the  division  was  on  Guadalcanal. 

In  March  1943,  the  division  was  moved  to  Fiji,  a  nonmalarious  island, 
for  rehabilitation.  The  entire  division  was  treated  with  Atabrine  and  Plas- 
mochir  between  April  and  June.  Thereafter,  no  antimalarial  drugs  were  ad¬ 
ministered  excej<  to  persons  with  clinical  malaria.  The  malaria  rate  roee 
promptly  to  a  high  of  3,760  per  1,000  per  annum  in  August ;  it  was  still  2^80 
per  1,000  per  annum  in  October.  The  division  was  alerted  for  combat  in  No¬ 
vember,  and  suppressive  Atabrine  therapy  was  given  at  the  rate  of  0.4  gm. 
per  week.  This  was  increased  in  December  to  0.6  gm.  per  week.  By  January, 
the  malaria  rate  had  fallen  to  43  per  1,000  per  annum.  After  5  months  of 
combat  on  Bougainville,  the  total  rate  for  May  1944  was  only  112  per  1,000  per 
annum.  More  details  on  malaria  in  this  division  an  given  by  Tumulty  and 
eoworkera.u  The  malaria  experience  of  this  division  is  shown  in  chart  20. 

Pltumodntm  fmkipurum  caused  more  than  one-half  of  all  malaria  cases 
repotted  on  Guadalcanal  during  January,  February,  and  March  1943,  and  P. 
vi«M  caused  about  25  percent  of  the  cases.  PUuwtodmm  falciparum  continued 
to  predominate  for  a  few  weeks  after  the  division  arrived  on  Fiji,  but  P.  visas 
rapidly  came  to  the  fore  and  caused  practically  all  the  subsequent  cases. 

Suppressive  Atabrine  therapy  was  discontinued  on  Fiji  in  the  hope  of 
doaaalarklixing  the  division.  The  theory  waa  that  if  the  troops  were  allowed 
to  have  their  malaria,  they  would  get  it  out  of  their  systems  and  because  free 
of  it.  The  experimce  with  this  aad  other  units  showed  that  this  would  not 
taka  place  within  a  reasonable  length  of  tune  but  that  repeated  relapse# 
would  occur. 

147th  Infantry  This  regiment  landed  on  Guadalcanal  ia  November  INS 
and  February  IMS,  and  took  part  in  combat.  The  regiment  was  on  0.4  gm. 
weekly  suppressive  Atabrine,  but  its  administration  waa  not  closely  supervised. 
While  moat  of  the  diagnoses  were  not  confirmed  by  blood  smear  examination. 


"Tnaaltjr.  p.  mcMs,  Bfiwli.  M.  U.  u4  U*u  T. :  Aa  ImttWUH  at  tin  Um 
wt  atnffxt  Malaria ;  aa  Otp*  aaS  h>i*ili|lnl  Aaalrala  *€  M  lilOin.  MaSMaa  M :  17-H. 
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the  regiment'*  sick  reports  sltoswl  malaria  in  48  |»errent  of  the  men,  and  the 
malaria  rate  reached  a  peak  of  1,458  per  1,000  per  annum  in  April  IMS. 

In  May  IMS,  the  regiment  was  sent  to  British  Samoa,  a  non  malarious 
island,  and  demalarialixation  was  begun.  Downs  ’*  described  the  malaria  his¬ 
tory  of  this  regiment  in  detail.  The  regiment  was  divided  into  four  group*. 
One  received  Atabrine  mass  therapy  at  once;  the  second  received  Atabrim 
aaass  therapy  after  a  10-day  period  without  medication;  the  third  rereived  mass 
therapy  with  Atabrine  and  Plasmoehin;  and  the  fourth  received  no  ansa 
thrrany.  Suppressive  treatment  was  then  discontinued,  although  clinical  cases 
wete  treated  as  they  occurred. 

There  waa  no  relationship  between  the  treatments  and  the  incidence  of 
malaria  in  the  four  groups.  Because  the  termination  of  mass  therapy  waa 
staggered,  the  peak  malaria  rate  of  the  regiment  did  not  exceed  4.090  per 
14>00  per  annum,  although  peak  rates  in  different  groups  exceeded  144*00  per 
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1 ,000  per  annum.  The  rate  continued  high  until  suppressive  Atabrine  therapy 
was  begun  again  in  December  IMS.  In  January  1944,  the  rate  had  dropped 
to  3.14  per  1,000  per  annum,  and  it  continued  to  decline  thereafter  (chart  21). 

An  even  more  marked  reversal  than  in  tlie  America!  Division  of  species 
predominance  from  P.  falciparum  to  P.  vicar  occurred  in  this  regiment  after 
it  left  Guadalcanal. 

2Sth  Division. — This  division  landed  on  (laudahmud  in  late  December 
1942  and  fought  through  the  latter  part  of  the  campaign.  It  soon  became 
heavily  infected;  in  April  1943,  the  malaria  rate  reached  a  peak  of  2^33  per 
1,000  per  annum,  although  the  division  was  presumably  receiving  0.4  gm.  per 
week  suppressive  Atabrine.  The  division  took  part  in  the  Xew  Georgia  and 
Vella  La  veils  campaigns  from  July  to  October.  In  October  1943,  its  malaria 
rate  was  1,360  per  1(000  per  annum.  In  December,  the  division  was  seat  to 
Xew  Zealand  and  later  to  Xew  Caledonia,  both  nonmalarious  islands.  Sup¬ 
pressive  Atabrine  therapy  was  discontinued  in  a  small  group  to  ham  hww 
heavily  the  division  was  seeded.  In  4  weeks,  the  rate  in  this  group  was  ifiSH 
per  1(000  per  annum.  Because  of  the  experience  already  described,  no  attempt 
was  made  to  demalarialize  this  division.  Atabrine  administration  was  im¬ 
proved,  and  the  malaria  rate  declined  progressively  to  44  per  1 ,000  per  annum 
in  October  1944  (chart  22). 

37th  Dirlaita. — The  division  arrived  on  Guadalcanal  in  March  1943  and 
was  bivouacked  in  a  relatively  well  controlled  area.  It  at  once  instituted  an 
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effective  larviciding  program  and  enforced  the  dm  of  individual  malaria  disci¬ 
pline.  Suppressive  Atabrin.-  therapy  was  administered  by  roster,  0.4  gm.  per 
week  being  given  until  October  1943,  and  0.6  gm.  per  week  thereafter.  The 
division  took  part  in  the  New  Georgia  campaign,  from  July  to  September 

1943,  and  then  returned  to  Guadalcanal.  It  was  sent  to  Bougainville  in  Novem¬ 
ber  1943,  where  it  took  part  in  limited  combat  for  nearly  a  year. 

The  malaria  rate  remained  low  in  this  division,  never  exceeding  230  per 
1,000  per  annum,  and  usually  being  much  beV-  this  figure.  T1  is  arms  partly 
because  the  division  urns  bivouacked  in  a  relatively  well  contrail  *1  arm  urhaa 
it  first  came  to  Guadalcanal,  partly  because  of  its  early  recognition  of  the 
malaria  hazard,  and  finally  to  the  energetic  and  thorough  control  program 
that  it  carried  out. 

4M  DfarWm. — Thiedivieioa  bivouacked  on  Guadalcanal  in  February  1943 
while  en  route  to  the  Kaaaell  Intend*  end  New  Georgia.  It  remained  on  the 
latter  islands  until  December  1943,  when  it  wan  transferred  to  nnwmslariom 
New  Zeeland.  Throughout  its  service  on  the  malarious  island*,  the  division 
had  been  kept  on  sapprewive  A ta brine  therapy.  During  February  and  March 

1944,  a  Mail  group  was  taken  off  Atabrine  to  learn  how  heavily  the  division 
was  seeded.  The  malaria  rate  in  one  company  rose  to  2/125  per  lfiOO  per  an¬ 
num,  approximately  one-half  the  peak  rate  of  the  Americel  Division.  The 
monthly  malaria  rate  of  the  remainder  of  the  division  did  not  exceed  285 
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per  1,000  per  annum  and  by  July  1944  liiul  dropjied  to  04  per  1,000  ]»er  luiiniin. 
During  all  this  time,  t lie  division  was  receiving  0.0  gm.  Atabrine  j>er  week. 

Plaamudium  species  in  troops. — P.  molariac  was  rare  among  troo|w  in 
the  South  Pacific,  almost  all  the  cases  being  due  to  /*.  falri/mriim  or  I',  dear. 
The  predominant  species  changed  with  the  progress  of  each  cnmpnign.  Karly 
in  the  campaign,  falciparum  malaria  predominated,  hut,  us  control  measures 
progressed  and  the  general  malaria  rute  declined,  dear  malaria  herume  inerens 
ir.gly  common,  until  at  length  it  far  outweighed  falci/yarum  malaria. 

This  sequence  of  events  is  well  illustrated  by  the  experience  on  Guadalcanal. 
In  January  1943,  there  were  twice  as  many  cases  of  falciparum  as  of  dear 
malaria ;  the  tw-o  species  were  alwiit  equally  common  in  July,  while  in  January 
1944  therr  were  20  times  as  many  dear  as  falciparum  cases.  The  total  malaria 
rates  per  1.000  per  annum  for  the  island  decreased  coincidently  from  1,199  in 
January  1943  to  008  in  July  1943  {table  92)  and  to  200  in  January  1944  (table 
63).  Several  factors  were  responsible  for  this  change.  In  January  1943.  a 
condition  of  hyperaidemicitv  existed,  with  a  high  transmission  rate.  Many  of 
the  cases  recorded  as  falciparum  were  probably  mixed  virar- falciparum  infec¬ 
tions  in  which  tlie  vicar  had  l»een  temporarily  suppressed.  During  this  period, 
too,  almost  all  malaria  cases  were  primary  ones,  while  later  on  an  increasing 
percentage  of  them  were  relapses.  Since  relapses  occur  more  frequently  in 
infections  of  virtue  malaria,  than  in  falciparum,  tlie  proportion  of  eirar  cases 
increased  steadily.  The  infected  troops  formed  the  seedbed  tor  new  infections, 
and  as  the  species  distribution  of  the  seedbed  shifted,  so  did  the  species  distribu¬ 
tion  of  new  infections.  As  a  result,  the  percentage  of  virar  cases  increased 
progressively.  In  addition,  as  the  overall  incidence  of  malaria  decreased,  dou¬ 
ble  infections  became  less  common,  so  that  falciparum  malaria  no  longer  masked 
the  virtue  form.  Improvement  in  Atabrine  discipline  also  decreased  the  inci¬ 
dence  of  falciparum  malaria. 

Prevalence  and  IX.'liae  of  Malaria 

High  malaria  rates  occurred  in  the  early  landings  because  the  importance 
of  malaria  was  not  properly  assessed  by  the  troop  conunsmiers  until  it  had 
incapacitated  many  men  and  had  interfered  serioasly  with  the  eAriency  of  their 
activities.  No  attempt  was  made  at  first  to  carry  ont  individual  protective 
measures,  t  o  enforce  suppressive  medication,  or  to  combat  mosquitoes.  In  addi¬ 
tion,  the  proximity  of  infected  nativea  or  Japanese  provided  a  seedbed  of  the 
disease,  and  the  combat-produced  shellholea,  foxholes,  and  rata  greatly  in¬ 
creased  the  mosquito  breeding  areas.  When  the  importance  of  am  laris  was 
one*  recognised,  elimination  of  mosquito  breeding  places,  btrvtctding,  enforced 
urn  of  sappremive  Atabrine  and  of  individual  protective  aneasuree,  elimination 
of  infected  Japanese,  and  removal  of  infected  natives  all  helped  to  control  the 
disease.  The  most  important  of  these  measures  was  the  elimination  of 
anopheline  mosquitoes.  While  Atabrine  undoubtedly  prevented  the  clinical 
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appearance  of  fii/rt/Hiriiin  malaria  ill  ninny  I IioiisiiimIs  <if  I  roo|>s.  ii  merely  |h »st - 
|M)itetl  I  lie  inevitable  I'liniml  nl  I  nek  of  <•/>././•  malaria. 

Malaria  in  Enemy  Troops 

Dn In  oil  the  prevalence  of  iimlii rin  in  South  1’iicilic  unlives  have  already 
i*o»‘li  pi  veil  (tulile  ii!)). 

The  Japanese  suffered  more  severely  from  mnlnriii  than  did  the  Allied 
troops.  Tliey  np|Miivntly  carried  out  little  nmst|nito  control  in  the  Solomons. 
ii  It  liou^rli  a  few  kmi|isaek  sprayers  and  sum  II  quantities  of  hirvicidnl  oils  were 
cajitnrvd.  They  nisi  hud  Us  I  nets,  a  re|iellein  civil  in  whose  active  ingredient 
was  oil  of  citromdln.  n  iiio.squitn-re;>eiruig  punk,  ipiiuine.  and  Atnlirinc. 

Captured  medical  nqmrts  quoted  liv  llnr|ier.  Lisansky,  and  Snsse  1:1  stated 
tlia:  arsing  the  Jii|miiese  forms  in  the  Solomon  Islands  and  Itismaivk  Arclii- 
]>elugn  ilie  primary  inn  In  ria  rates  per  I J  it  it)  |ier  aninnn  were  4.MI  in  ltecemlier 
1!)42,  l.ttDH  in  January,  and  l.lklT  in  Fehriinry  1!43.  At  Itiilninl.  New  Itritain. 
32.4  |ierrent  of  caie  unit  mid  22.051  |*‘tvent  of  nnotlier  were  inalaria  patients 
during  Feliruary  IMS.  The  total  nialaritt  rate  for  If nlxinl  and  vicinity  was 
2JVW  |ier  1,00(1  per  aiiniiin  ill  April  154:1. 

Tlie  few  prisoners  ailUiirrd  ill  tlie  South  Pacific  weiv  usually  pimiciuted 
and  almost  invariably  malarious. 

ANTIMALARIA  POLICY  AND  ORGANIZATION 
At  Theater  I^evel 

Tlie  South  Pacific  Force  under  Navy  command  was  a  joint  l  .S.  Army, 
Navy,  Marine,  and  New  Zealand  group.  Commander.  South  Pacific,  was  tlie 
senior  Navy  command.  Tlie  senior  Army  command  within  tlie  area  was  l.S. 
Army  Forces  in  the  Smith  Pacific  Area.  Island  commanders  were  rrs|HMisilde 
toComSoPac  ami  to  ('omnia  tiding  General,  I'SAFISPA.  On  each  luse.  I  lie  re 
was  an  army  service  mnniuiiwl  and  a  naval  hem  (quarters,  each  responsilde  to 
tlie  island  commander.  Commanding  generals  of  divisions,  if  on  established 
liases,  were  mponsilile  to  island  enmnunder*  on  nutters  jiert  incut  to  tlut  base. 

Development  of  area  orgmuotiom 

The  initial  malaria  epidemic  among  Allied  troops  uvurml  on  Kfale  which 
was  occupied  in  March  1M2.  Daring  the  following  month,  the  military  fames 
on  this  island  experienced  a  malm  ria  rate  of  2J57K  per  ljWO  per  annam  (table 
41).  This  explosive  outbreak  of  malaria  caused  great  concern,  and  an  experi¬ 
enced  Navy  medical  dfcer,  Commander  Sapero,  was  sent  to  Efate  in  July  IMS 
to  take  charge  of  inalaria  control  measures.  An  organization  lud  to  lie  created 
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from  (lit*  ground  lip:  ,a*rsoimcl  IiikI  to  la*  mi'IiiviI.  trained.  iiimI  it. signed.  direc¬ 
tives  issued.  n ml  supplies  obtained. 

'I'll is  orgiillizilt ion  <lcvelo|M-d  slow !y.  ll  required  time  to  prta-mv  mil 
t mill  |ieraoime)  in  t lie  problems  of  entomology.  engineering,  11  ml  uinlnrioltigy 

1  H*eii  I  in  r  to  this  mi*il.  Only  lifter  liehl  trinl  wits  it  |M>ssil>le  to  develop  :i  stntf 
for  uren  headquarters  mid  to  make  those  Innisfers  which  were  essentinl  to 
build  n  stroii)?  organization.  The  directives  which  formed  the  legal  lauds  of 
this  organization  nud  which  established  malaria  control  policy  were  written 
mid  ivwiiiteu  ns  new  problems  were  encouiiteml  over  n  |ieiind  of  more  tlinii 

2  years.  Tlte  first  directive.  foinSol'nc  Serial  .‘SOle.  was  issnetl  on  ‘2  Septemlier 
11)42  mid  cm  I  led  attention  to  the  existence  of  a  "mnhiria  control  unit"  available 
for  use  on  the  three  Imses  then  occupied.  Kfate,  Kspiritii  Snnto,  and  Giinthtl- 
canal.  A  group  of  10  persons  was  sent  to  Kspiritii  Santo  in  Sejiteinlicr  lt>42  to 
set  uptlielwse  malaria  contml  unit  tliere. 

Despite  the  fact  that  anoplieline  |Mi|Hilations  on  (iiiailalcanal  were  in- 
creasing  and  that  malaria  was  Iwgimiing  to  ap|>enr,  no  mahiria  control  |a>rsonnel 
was  allowed  to  start  work  on  that  island  until  mid-Xovenilier,  wlien  llie  malarin 
epidemic  was  in  full  swing  mid  tlie  anoplieline  breeding  had  reacheil  a  high 
level.  Such  an  attitude  toward  malaria  control  measures  was  typical  of  tlie 
prevailing  opinion  that  malaria  and  malaria  control  were  of  minor  inqiortanci* 
during  conduit  o(ierations.  This  attitude  was  largely  due  to  ignorance  of  tlie 
damage  ’Imt  uncontrolled  malaria  ctatld  «lo  to  military  personnel.  Tlie  <lilK- 
rulties  in  establishing  malaria  control  mi  Guadalcanal  despite  tlie  obvious  need 
made  it  increasingly  evident  that  a  stronger  area  directive  was  necessary.  Such 
a  directive,  ('< anSol’ac  Serial  tmmk  was  issued  on  HI  Xovemlier  1W2  ami  is 
quoted  in  part : 

Malaria  mntral  nails.  with  headquarters  at  Han*  Rum  (Kfale),  hare  We*  ami  are 
bring  ratahltahed  at  yartoua  tain  la  the  Rmtk  l*arUk-  Area.  Kaeh  watt  eoaaiata  of  a 
BMsIical  oMrer  In  rtmnce.  an  mnarnlutsl.  ami  labor* lory  and  M4  terlmirUaa  who  are 
specialist,  la  prahltnm  af  malaria  rontmi.  Three  aatlx  will  adrtae  a  ad  render  amice 
la  rnaarrlton  with  aaalarla  rontrot  lo  BA  Army.  Naejr,  aad  Marine  Corps  I' all  a  and 
Allied  Forres  oeenpytac  malaria  lafealed  tatanda. 

It  hi  the  re^aamthlltty  of  the  Malaria  Onntrul  falta  to;  (1)  maka  fptdwutatnqtral 
atadira  pertaining  ta  aaalarla.  13)  aprrate  laharamctaa  Aw  ftaganata  |3)  Into  pceananrt 
tram  athre  ormt  station*  ta  laharatury  prarednrra  prrtatataq  ta  atatarta  rant  rat.  (4»  ad- 
rtae  in  malt  ta  naqalta  naUal  mamiw,  IS)  advtar  In  irprt  ha  dtatnaartharthm  at 
atrrraft.  Id)  make  anrh  rernaaaaawdattaa*  ta  the  reaper  aatharltire  U  rrnaed  la  malaria 
ranteal  as  the  etaewnetaarra  require,  47)  peaenre.  a (are  aad  dtatrthwte  aattaaalarial  drugs 
far  rhrm^wphytavta  aa  aaay  he  raqtdwd  hy  the  farreaat  eaeh  hoar, 

A  lah armory  mrtlan  at  a  Malaria  Oantral  I'nlt  will  he  eatahliahed  at  rertala  aon- 
aaalari— «  haara.  The  dheta  la  efcarpe  of  these  aalts  wlU  carry  on  atadtae  at  amtarhi 
iafntsl  personnel  eramatrd  Aram  malariotm  hears  and  trill  stake  rernmmaadattana  with 
rraput  t»  treatment  of  and  aaalarla  rontrot  aarasarr*  lortalalag  to  rramahst  proaaH. 
They  will  also  undertake  I  rata  lac  of  lahoratory  aad  aardk-al  tehl  IrrhaHan*  attarhrd  lo 
arcaaiaalion*  twepartnc  i»  enter  nuttarham  bases  ta  the  spertal  |irocedutes  apptlrablr  to 
awlarta  ctmirol. 
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Personnel  of  Malaria  Control  l  ull*  will  In-  ill  Inched  in  the  major  mcdlrnl  deiwrtuient 
activity  of  tlu*  tM*e  to  wlik-li  the  unit  I*  uimIxwM  f»r  administrative  |>nr|*>*‘  *,  lierthlnf 
and  HolmUloioi'.  The  major  medical  de|airtiner.t  activity  will  also  provide  laboratory 
facilities  for  these  unit*. 

The  Commander*  of  all  baum  In  which  Malaria  Control  I'nll*  are  extaltllabvd  are 
enjoined  |o  cno|ierate  to  the  fullenl  extent  with  the  olBeer  In  charm*  of  Malaria  Control 
Cnlt*  In  onler  that  there  unit*  may  nccocn|»ll*h  their  extremely  lia|*>rl'int  mi*alia).  It 
Is  dlrrcled  that  oflk-er*  In  charge  of  malaria  control  unit*  lie  consulted  In  Conner Hon  with 
the  selection  of  site*  for  camps  and  alrllrld*  and  that  tlvelr  ronmuictnlatlon*  In  such 
mailer*  be  elveti  due  consideration. 

The  last  sentence  of  this  quotation  gave  the  malaria  control  js-rsnimel  on 
each  lmse  a  voice  in  anti  a  responsibility  for  the  location  of  campsite*  ami  other 
facilities.  The  malariologists,  entomologists,  and  sanitary  engineers  made 
surveys  and  gave  valuable  advice  concerning  the  selection  of  sites  which  were 
or  could  be  made  relatively  malaria  free  ami  to  the  avoidance  of  highly 
malarious  areas. 

A  year  later  this  and  other  orders  governing  malaria  control  operations 
were  consolidated  greatly  strengthening  control  efforts.  Responsibility  for  the 
control  of  insect-borne  diseases  in  all  forces  was  now  clearly  fixed  on  one  officer 
with  a  headquarters  unit  of  mixed  Army  and  Navy  personnel.  The  provision 
tlir.t  this  officer  should  recommend  “the  establishment  of  Malaria  Control  Units 
at  buses,  and  the  administration  and  coordination  of  malaria  and  epidemic 
control"  was  translated  in  practice  into  responsibility  to  recommend  the  as¬ 
signment  and  reassignment  of  all  malaria  control  personnel  in  tlie  area.  Simi¬ 
lar  centralisation  of  responsibility  for  antimalaria  activities  on  each  base 
was  provided  by  the  provision  that  the  senior  malar iologixt  at  each  base  should 
make  recommendations  and  report  directly  to  island  commanders.  This  cen¬ 
tralisation  of  responsibility  followed  a  year  after  the  height  of  the  epidemic 
of  malaria  on  Guadalcanal  and  at  a  time  when  repeated  malaria  relapses  wen 
seriously  delaying  the  return  to  eomhat  of  such  combat  troops  as  the  Americal 
Division  and  the  147th  Infantry  (charts  90  and  Sfl ).  Excerpts  from  ComSoPac 
Serial  009913,  dated  91  September  IMS,  are  as  follows: 
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an  effective  program  of  control,  appUcoWc  to  all  force*  at  the  baw>.  He  formnlatea  the 
control  program  for  the  bane  and  make*  recommendation*  to  the  I»iim<i  Commander*  who 
In  torn  will  require  •ubordimitc  unit*  to  carry  out  prescribed  control  measures  within 
their  respective  command*. 

Be  ports  of  the  senior  base  Malaria  and  Epidemic  Control  Oflcer  are  submitted  directly 
to  the  Island  Commander.  Copies  of  such  of  these  as  are  pertinent  are  forwarded  directly 
to  the  aenior  subordinate  command*  of  the  various  service*  at  each  base,  to  the  Force 
Medical  Oflcer,  Commander  Mouth  Puriflc,  the  Hurgecn,  UHAVI8PA,  and  IIeadi|tiarten«, 
Malaria  and  Epidemic  Control. 

Base  Malaria  Control  I'nits  are  is>rinanently  established  and  aerre  all  force*  without 
service  distinction.  The  units  are  jointly  constituted,  being  composed  of  apeclaiiy  trained 
Army  and  Nary  personnel — inaiariolngists.  entomologists,  engineers,  parasitologists,  and 
laboratory  and  Held  enlisted  technicians. 

The  Malaria  Control  Unit  described  in  this  directive,  or  Malaria  Control 
Group  as  it  was  subsequently  called,  consisted  of  a  malariologist,  one  or  more 
Army  malaria  surrey  detachments,  and  one  or  more  Army  malaria  control 
detachments,  or  equivalent  Navy  personnel.  Tlie  command  channels  of  this 
group  are  discussed  later  (p.  442) . 

The  area  organization  developed  as  the  area  expanded  to  11  malarious 
bases,  as  the  legal  basis  was  broadened,  and  as  the  personnel  increased  from  4 
persons  in  July  1M2  to  over  <50  technically  trained  personnel  and  nearly  4,000 
laborers  in  June  1044.  This  growth  made  clear  the  need  for  an  area  staff 
which  was  developed  in  the  follow  ing  order  of  appointment:  An  area  malaria 
and  insect  control  officer;  an  area  entomologist;  an  Army  liaison  officer,  an 
arm  training  and  education  officer;  an  arm  administrative  assistant;  an  assiat- 
ant  malaria  and  insect  control  officer;  an  arm  engineer  anti  two  tilaria  survey 
officers. 

Responsibilities  ml  duties 

The  duties  and  responsibilities  of  the  aim  organisation  were  as  follows: 

1.  It  served  all  Allied  Forces  in  the  aim. 

2.  It  formulated  arm  directives  which  were  issued  by  ComSoPac  and 
Commanding  General,  USAFISPA,  and  which  defined  and  gave  authority 
to  insect  and  rodent  control  policy,  organization  and  function. 

8.  It  aaads  r*e«ounendatio«is  for  the  procurement,  assignment,  and  transfer 
of  all  personnel  assigned  to  insect  control  activities, 

4.  It  provided  technical  and  supervisory  aesietancs  to  the  various  bees  and 
division  malaria  and  insect  control  groups. 

ft.  It  wao  responsible  for  the  cooirol  work  of  the  bam  groupe  and  estab¬ 
lished  a  naiforui  system  of  reports  and  inspections. 

ft.  It  recommended  allowances  and  provided  for  procurement  and  diztribu- 
tioa  of  malaria  control  equipment  and  supplies. 

7.  It  provided  an  armwide  educational  and  publicity  program  of  malaria 
and  insect  control  for  all  personnel,  and  special  information  for  line  officers, 
medical  officers,  and  for  personnel  assigned  to  malaria  and  control  wort 
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8.  It  made  |iersnitnel  ami  equijMtteiit  available  for  special  problems  o# 
malaria  control  such  as  airplane  application  of  DDT  solutions  ami  spraying 
of  bed  nets  with  DDT,  and  for  problems  concerned  with  fiiariasis,  mite-borne 
typhus,  dengue, and  rotlent  control. 

Chart  23  shows  the  personnel  of  (lie  area  organization  and  the  distribution 
of  base  ami  division  groups.  Letter  orders  authorising  all  necessary  travel 
to  malarious  bases  were  given  to  the  area  staff.  Some  member  of  the  head¬ 
quarters  staff  made  a  complete  circuit  of  the  malarious  bases  every  4  to  8 
weeks  to  keep  in  touch  with  local  work  and  nee<K  The  area  entomologist 
and  engineer  offered  technical  assistance  ami  advice  to  the  corresponding 
oftcers  in  each  base  unit.  Distribution  of  technical  information  was  also 
accomplished  through  a  newsletter  and  through  special  publications  such  as 
synoptic  keys  to  mosquitoes.  Uniform  methods  of  reporting  information 
were  adopted  for  all  base  reports  as  well  as  for  area  reports. 

Pranwent  and  nilfint  mt  technically  trained  parasanel.  Table 
85  describee  the  personnel  engaged  in  insect  control  work  as  of  l&  May  1®44. 
The  technically  trained  personnel  comprised  medical  odhrrv  entomologists, 
parasitologists,  sanitary  engineers,  and  enlisted  personnel  of  the  control  and 
survey  detachments.  They  formed  the  Base  and  Division  Malaria  and  Insect 
Control  Groups.  As  of  15  May  1M4,  this  personnel  comprised  128  offer  rv  and 
845 enlisted  men,  dirided  as  follows:  Army,  452;  Navy  and  Marine,  283;  New 
Zealand,  87. 

Technically  trained  Army  malaria  control  personnel  was  provided  by  the 
War  Department  in  three  categories:  Malarioiogiats  (medical  officers),  malaria 
survey  detachments,  ami  malaria  control  detachments. 
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T<  chi.imllv  trained  personnel: 

Mabirioloftisti*,  entomologist'-,  |mr- 
ssitologists,  sanitary  vTiKfTxs'rs. 
rodent  control  officers,  ami 
train* <1  rnlixled  personnel. 

Skill's!  labor: 

t  tpi-ratwii  of  heavy  is|iiipiin*iit,  civ. 
namite  rn1**,  ami  flume  aial 
culvert  err**. 

I'lakilM  labor: 

Mnlinl  sanitary  companies  . . 
Trot  i  antimalaria  tletails  ..... 

Native* .  _ 


War  Department  and  Navy  I  k'|Mirl- 
melit  Haw  and  Division  malaria  and 
iliHWl  control  Hroll]**,  cttmitristsl  of 
medical  otficer  in'rsonnel  ami  |iersoii- 
m*l  from  K|axial  attrvry  and  control 
detarhnieals  for  t ni(m*nl  iIhwc*. 

Navy  roust  ruelitHt  tail  I  alio  In*  and 
Army  Knttim-er  Cor|»*. 


War  Department 

Troop  unite. . .  . 

laical  (Jovi  rimstil  agency 
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1134) 
I,  4711 
587 


Total 


4,407 
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Army  malariotogiata  arrived  as  casual  officers.  Almost  all  of  these  offi¬ 
cers  had  taken  the  course  in  tropical  medicine  at  the  Army  Medical  School, 
and  tlie  majority  had  had  field  work  at  tlte  Army  school  in  Florida  or  Panama. 
They  were  attached  to  Headquarters,  Services  of  Supply,  South  Pacific  Area, 
and  then  ordered  on  detached  service  to  the  various  buses  and  divisions.  There 
were  SI  Amy  malariologiaU  in  the  area :  2  lieutenant  colonels,  8  majors,  and 
11  captains.  One  Army  malariologMt  was  on  the  area  malaria  control  staff, 
6  were  senior  base  malarkdogist*.  C  were  division  nudariologixts,  I  was  assigned 
to  the  Office  of  the  Chief  Surgeon,  VSAFISPA,  1  to  Headquarters,  XIV 
Corps,  and  the  remainder  acted  as  assistant  base  malariologtsta. 

There  were  1?  malaria  survey  detachments  ami  20  malaria  coin  rot  detach¬ 
ments  within  the  area,  as  of  1  June  1044.  The  officers  of  these  detachments 
all  ut  the  basic  technical  requirements  for  their  specislty.  Tlte  enlisted  men 
were  untrained  at  time  of  aseignment  but  were  usually  of  high  caliber  and 
rapidly  became  competent  technicians  under  the  guidance  of  their  officers. 
T!iere  would  be  great  advantages  if  in  the  future  these  enlisted  men  could  here 
a  period  of  formal  training  at  Army  medical  centers  or  at  one  of  the  Army 
malaria  central  arhools. 

Very  malaria  control  personnel  was  procured  through  the  Xsvy  Depart¬ 
ment  either  from  the  Malariology  School  of  the  XstsI  Medical  School,  Be- 
theeda,  MdL,  or  from  Xsvy  replacement  pools  or  other  organisations  within  tlie 
South  Pacific.  The  usual  Xsvy  malaria  control  team  consisted  of  one  officer, 
an  entomologist,  ami  from  three  to  fire  enlisted  men.  Each  Marine  division 
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was  provided  with  a  linger  tenui  (called  an  epidemiology  unit)  of  3  officers 
(malsriologist,  entomologist,  pamsitologist)  and  12  enlisted  melt.  An  engi¬ 
neer  for  this  team  was  provided  from  the  sanitary  section  of  tlie  imvnl  con¬ 
struction  battalion  which  was  attached  to  ea<'li  Marine  division.  Knlisted  min 
from  Dethesda  were  well  trained  in  lalmmtory  diagnosis  and  in  elementary 
field  procedure.  Several  Navy  officers  exjierieneed  in  rodent  control  were 
obtained  from  organizations  in  tlie  South  Pacific.  Navy  warrant  and  Hos¬ 
pital  Corps  officers  were  also  secured  locally  to  administer  malaria  control  ]ier- 
sonnel  and  supplies  ou  larger  liases. 

Tlie  Navy  uialariolugy  teams  were  often  broken  up  and  assigned  to  Army- 
Navy  or  all  Navy  groii|>s  to  meet  tlie  needs  of  a  local  or  island  situation. 
This  was  in  contrast  to  tlie  policy  of  assigning  Army  units  intact  and  resulted 
in  a  valuable  flexibility. 

Procurement  af  labor  mad  equipment — Skilled  and  semiskilled  labor 
was  needed  for  semipermanent  mosquito  control  work  which  required  the 
operation  of  heavy  equipment  such  as  bnUdaoeers  and  draglines  and  special 
skills  such  as  those  of  a  dynamite  ex] art.  Almost  all  such  skilled  labor  and 
heavy  equipment  were  oUsined  from  naval  construction  battalions  or  from 
the  Army  Corps  of  Engineers. 

An  entire  naval  construction  battalion  was  assigned  to  malaria  control 
work  on  Guadalcanal  in  May  IMS  on  recommendation  of  the  theater  malariolo- 
giat  Subsequently,  sanitary  sections  for  malaria  control  work  were  organised 
in  all  naval  construction  battalions. 

Unskilled  labor  was  recruited  from  three  sources:  Army  medical  sanitary 
companies,  natives,  and  troop  unit  antimalaria  details.  The  first  Army  medi¬ 
cal  sanitary  company  arrived  about  mid-IMS  and  was  assigned  to  Guadalcanal. 
Subsequently,  nine  such  companies  arrived  of  which  eight  were  assigned  to 
malarious  islands  on  recommendation  of  the  theater  malaria  and  insect  con¬ 
trol  headquarters.  It  should  be  emphasised  that  every  medical  sanitary  com¬ 
pany  on  a  malarious  island  in  the  South  Pacific  worked  full  time  at  malaria 
control.  Credit  for  withstanding  the  pressure  to  assign  these  units  to  other 
work  must  he  given  to  the  Surgeon,  USAFISPA. 

Native  labor  was  scarce  and  was  strenuously  competed  for  by  both  combat 
and  service  units.  Usually  a  certain  proportion  were  aewgned  by  the  Island 
Command  headquarters  to  malaria  control  work. 

The  work  of  drilled  and  unskilled  labor  is  described  on  pages  44ft  and  487. 

BappHsa  and  sqd|anat — There  were  acute  shortages  of  all  sntimelsria 
supplies  and  equipment  in  IMS,  of  which  the  moat  important  wove  Atabrins, 
mosquito  repellent,  insecticide  and  knapsack  sprayer*.  In  this  early  period, 
the  area  malaria  control  organisation  advised  on  alkrwancm  and  was  respon¬ 
sible  for  the  establishment  of  quotas  and  distribution  of  thorn  items  in  which 
shortages  wen  acute.  Excerpts  from  the  pertinent  directive*4  follow: 
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1.  Cculral  pruciireuieut,  dlRtrllmtkin  anil  Ixxue  of  Inmvtlrlilv*.  |>mt  contml  xu|n>Uc»  anil 
cq  aliment  fur  all  Arniml  Forces  located  In  the  Houth  l*aclttc  Aren  I  loot  tin  me  located  In 
tbe  Kamoaa  Croup)  ha*  Iwen  awlKnel  tv  the  Army  Hervleen  vf  Nii|>ply  liy  ComHol’ac. 

2.  Service  Command  Quartwniaitrrii,  •  •  •  In  coo|ieratlon  with  the  Base  Malaria 
Control  OSlcetn,  will  rwelve,  atnrr,  ami  distribute  tbe  above  aupfillen  to  all  Armeit  Forces 
at  each  base.  Navy  Supply  OGcera,  Marine  Quartermasters  and  New  Zealand  Hu|>ply 
Officers  may  obtain  their  ntockn  In  bulk  from  llaae  or  Service  Command  Quartermaatera 
at  each  Base,  by  requisition. 

*  *  •  «  •  •  a 

5.  The  one  of  Inaectlctdeg  ami  Insect  retiellentn  within  (lie  South  Paclltc  Aren  will  lie 
Koveroecl  liy  luxirucllou*  IhhihvI  by  each  lame  malaria  control  officer. 

Transportation  was  often  a  serious  problem.  Kach  malaria  control  group 
was  responsible  for  a  territorial  coverage  which  averaged  abotit  20  square  miles, 
often  in  the  shape  of  a  long  narrow  heachliead.  I  n  addition  to  distribut  ing  their 
own  survey  and  control  crews  to  all  parts  of  this  territory,  most  groii|is  trans¬ 
ported  50  to  100  native  laborers  to  and  from  work  each  day  and  hauled  labor 
details.  They  also  did  power  spraying,  hauled  gravel,  and  did  other  work 
requiring  vehicles.  The  increased  number  of  vehicles  which  were  tinally 
authorised  for  malaria  detachments  and  for  medical  sanitary  conqianiee 
were  adequate.  A  special  tlieater  directive  provided  traiMpurialHNi  for 
malariologiste. 

Limiaon 

Since  this  was  a  joint  sendee  organisation,  no  liaison  was  needed  between 
branches  of  military  service  or  with  Allied  Forces.  Then  wen  contacts  with 
the  civil  population  on  New  Caledonia  and  on  Efste  chiefly  in  connection  with 
antimoequito  operations.  These  were  ordinarily  easily  handled  through  ofleiil 
channels  The  assistance  of  the  parish  priest  was  sought,  and  generously  given, 
when  dengue  carrying  mosquitoes  wen  found  breeding  in  flowerpots  and  other 
receptacles  used  for  decorating  graves  in  the  cemetery. 

Local  or  Island  Organisation  and  Procedure 
The  work  of  the  mmimriologiM 

The  command  basis  for  the  work  of  the  island  malariolagiat  has  been 
dmcribad  (pp.  411, 4W).  By  these  directives,  the  senior  ■mlsriologwt  at  each 
bam  eventually  was  made  directly  responsible  to  the  island  commander  for 
foraaalation  of  a  program  of  control  applicable  to  all  forces — Army,  Navy, 
Marina,  and  Allied-  and  for  rocon— datkws  to  make  this  program  egsetivs. 
Tbe  commanding  adcsr  of  each  subordinate  organisation  on  the  island  was 
reapimaiMa  for  all  malaria  control  activities  within  and  adjacent  to  this  bivouac 
ate.  Reports  and  recommendations  of  tbs  senior  bass  malariologist  ware  sub¬ 
mitted  directly  to  the  island  commander,  who,  in  turn,  required  the  subordinate 
commanders  to  carry  out  prescribed  control  measures.  This  chain  of  command 
was  unusual  in  that  it  did  not  conform  with  tbe  ordinary  channels  through  the 
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commanding  officer  of  nervier  command  or  through  the  Commander,  Xaval 
Advanced  I law. 

This  latter  |ioint  may  be  ex|>«nded  by  citing  the  |>robleni  of  Guadalcanal 
where  the  malaria  control  organisation  wan  a  mixed  one  of  Army  and  Xavy  per¬ 
sonnel  and  where  the  drat  inland  malariolngnt  waa  a  Xavy  officer,  sol  sequent 
ones  being  Army  officer*.  The  question  a  rone:  Should  command  channela 
through  Commander,  Xaval  Advanced  Base,  be  utilised  when  the  senior  ma- 
lariologist  was  a  Xavy  officer  and  should  them  channels  lx  changed  to  go 
through  Commanding  Officer,  Service  Command,  when  the  senior  mafamologist 
was  an  Army  officer,  or  should  both  command  channels  be  utilised  since  this 
was  a  mixed  service  group!  The  solution  was  direct  reporting  to  the  Island 
Command  with  copies  to  subordinate  commands. 

The  organisation  of  the  Army-Nary  malaria  control  personnel  an  a  typical 
island  base  is  shown  in  chart  24.  A  mixed  Army- Xavy  group  was  developed 
an  moot  islands.  The  variable  siae  of  the  Xavy  units  was  particularly  ad¬ 
vantageous  for  small  bases  where  only  one  or  two  officers  end  a  few  enlisted  wen 
weren-'-'ded  end  where  the  Army  units  of  fixed  sine  were  too  large. 

Chart  25,  Guadalcanal  Malaria  ami  Insect  Control  Organisation,  is  pre¬ 
sented  as  an  example  of  organizations!  development  on  islands  large  enough  to 
require  two  or  more  n talaris  control  groups.  (The  term  “Malaria  Control 
Group”  is  used  to  designate  a  working  organisation  comprising  a  malariotogist. 
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a  malaria  survey  detachment,  and  a  malaria  control  ilefarlimeiit.)  Tin*  Inland 
headquarters  was  not  pmviiled  for  by  any  (aide  of  organization  but  ilevebqird 
to  Kll  a  need  for  overall  supervision  on  larger  liases.  Modification*  of  tlie  liead- 
qnarters  section,  diagrammed  in  chart  25,  were  established  on  Kfate,  Kspfritn 
Santo,  New  Georgia, and  Bougainville. 

Tlie  malaria  control  iiensamel  on  must  liases  formed  a  joint  Army-Navy 
group  who  lived  under  one  roof  ami  worked  togetlier  in  one  area.  Two-t birds 
of  the  groups  were  attarlied  to  Army  or  Navy  Ixaqiital*  for  cpiarters  ami  rat  ions, 
one-third  to  Navy  advanced  bases  or  Army  service  cotinuamls.  Three  groups 
aet  up  independent  housekeeping  with  a  medical  military  coni|wny  assigned  to 
malaria  control  work.  This  had  distinrt  advantages,  among  which  was  a 
time  for  aieala  favorable  for  field  work. 

The  position  of  the  malariologist  in  this  iHganisation  was  an  ambiguous 
ana  which  ran  be  explained  best  by  saying  that  lie  was  a  staff  nfteer  wlmse  duties 
often  required  the  assumption  of  command  responsibility.  This  was  evident 
in  his  relations  with  assistant  malariologists  ami  with  prrmnnrl  of  survey 
detachments,  control  detachments,  and  sanitary  mui|wnies.  He  selected  tlieir 
locatianr,  directed  their  work,  and  initiated  or  a |q>n>vcd  nrommendat ions  for 
promotion.  Tliis  assumption  of  command  mqmusibility  fnnctksird  well  be¬ 
cause  of  a  general  willingness  to  cooperate  ami  because  tlie  high  command  fos¬ 
tered  such  a  situation  hy  directives  quoted  previously  which  inadr  tlie  nia- 
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lariologist  resiionsible  for  all  insect  control  activ  ities  on  a  base.  However,  tbe 
malariologist  hml  no  leptl  command  nutliority  over  tbe  ninlnrin  detachments  imil 
medical  sanitary  eoin|Ninies  vvliicb  were  small,  inde|>eiident  commamls.  In  a 
long-range  program,  this  officer  should  have  command  authority  corresponding 
to  his  responsibility. 

The  duties  of  the  malnriologist  included : 

1.  Formulation  of  an  effective  program  of  mosquito  control,  utilizing  the 
advice  and  assistance  of  specialists,  the  entomologist.  tl>e  parasitologists,  and 
the  engineer. 

2.  Integration  of  the  work  of  the  survey  detachment,  the  control  detach¬ 
ment,  and  labor. 

3.  Estimation  of  need  for  and  requisition  of  personnel  and  supplies  to 
execute  tlie  program. 

4.  Development  of  ail  effective  malaria  training  and  educational  program. 

5.  Preparation  of  directives  pertaining  to  malaria  discipline  and  t lie  mak¬ 
ing  of  spot  inspections  for  violations  of  malaria  discipline. 

6.  Consultation  and  recommendation  in  regard  to  tlie  selection  of  sites, 
for  cam|is,  airfields,  bivouac  and  maneuver  areas. 

7.  Segregation  of  natives. 

8.  Recommendations  concerned  with  the  institution  and  discontinuance 
of  suppressive  medication. 

9.  Supervision  of  disinsectization  of  airplanes  and  ships  and  other  mens¬ 
ural  to  prevent  the  dissemination  of  disease. 

10.  Preparation  of  reports  of  the  malaria  situation  on  his  hase  or  in  his 
division  area,  including  especially  statistics  regarding  malaria  incidence,  status 
of  malaria  discipline,  entomological  and  climatological  data,  work  of  control 
units,  activities  of  tlie  training  program,  status  of  antimalaria  supplies  and 
of  personnel  engaged  in  control  work,  and  recommendat iona. 

Tlie  first  work  was  done  where  troops  were  concentrated.  Speed  in  insti¬ 
tuting  control  measures  was  most  important  in  occupying  a  new  hase.  Initial 
surveys  were  done  rapidly  and  more  thorough  work  came  later.  Lerviciding 
and  other  temporary  work,  such  aa  clearing  of  paths  to  facilitate  oiling,  were 
usually  initiated  coincidentally  with  the  first  survey. 

The  initiation  of  semipermanent  work  depended  on  the  aias  of  the  troop 
population  to  be  protected,  the  period  the  area  waa  to  he  occupied,  and  the 
available  labor  and  equipment.  As  soon  as  surveys  wen  completed,  a  list 
was  prepared  of  semipermanent  control  projects  with  detailed  estimate*  of 
labor  and  equipment.  These  projects  were  listed  in  order  of  priority  and  wen 
initiated  directly  if  they  wen  within  the  scope  of  the  malaria  control  personnel 
under  the  jurisdiction  of  the  malariokigist.  Larger  projects  requiring  special 
equipment  and  labor  were  submitted  through  proper  channels  to  the  com¬ 
manding  general  for  approval  and  for  assignment  of  the  needed  equipment 
and  personnel.  Them  projects  competed  with  other  high  priority  work,  such 
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as  roadbuilding,  airfield  construction,  and  erection  of  hospitals.  Presenta¬ 
tion  had  to  he  clear  and  concise  and  had  to  include  an  adequate  justification 
for  priority. 

The  need  for  continuous  integration  of  the  work  of  the  survey  and  of  the 
control  units  was  recognized  rapidly.  In  wartime  practice,  survey  and  control 
work  were  initiated  simultaneously  and  continued  to  be  interdependent. 

The  malaria  survey  and  the  malaria  control  detachments 

The  Army  malaria  survey  detachment  consisted  of  2  officers  and  11 
enlisted  men,  all  technically  skilled,  and  charged  with  entomologic  and  para¬ 
sitologic  work  to  aid  the  control  of  malaria  and  all  other  insect-borne  disease. 

The  entomologist  and  his  enlisted  men  furnished  information  about  the 
breeding  of  mosquitoes  and  other  insects,  their  biology,  and  relations  to  disease. 
This  information  was  always  accompanied  by  recommendations  as  to  specific 
control  measures.  The  work  was  continuous  and  was  recorded  on  limps  mud 
other  forms  so  as  to  give  a  clear  and  continuous  check  on  the  effectiveness  of 
control. 

The  parasitologic  section  of  the  survey  unit  fumislted  information  about 
the  incidence  of  malaria  and  other  parasites  in  natives,  in  UJS.  troops,  and 
in  Japanese  prisoners  and  recorded  this  knowledge  so  as  to  aid  both  the 
planning  and  the  evaluation  of  control  work. 

The  Army  control  detachment  comprised  an  engineer  and  11  enlisted 
men  and  was  responsible  for  planning,  executing,  and  maintaining  all  insect 
control  measures  based  on  the  findings  of  the  survey  detachment ;  for  super¬ 
vision  and  correlation  of  all  labor  and  equipment  for  this  work;  and  for  main¬ 
tenance  of  suitable  records  to  give  a  continuous  and  clear  picture  of  control 
activities. 

The  enlisted  personnel  performed  a  variety  of  duties,  according  to  the  local 
sit  oat  km.  These  men  were  most  economically  and  efficiently  employed  as  super¬ 
visors^  Occasionally,  on  large  bases,  an  entire  control  team  was  made  respon¬ 
sible  for  a  special  project  such  as  work  on  flume  and  culvert  maintenance. 
Additional  enlisted  personnel  were  assigned  to  work  with  dynamite  or  banga¬ 
lore  torpedo  ditching  crews.  Men  were  trained  to  operate  bulldooen,  draglines, 
and  other  heavy  equipment.  On  islands  where  airplane  spraying  of  DDT 
solution*  became  an  important  control  measure,  crews  of  one  to  six  men  were 
assigned  to  mix  DDT  solotkme  end  to  service  the  spray  apparatus  installed 
in  the  planes. 

Table  €6  shows  the  average  number  of  personnel  available  for  the  work 
of  the  melaru  control  unite  during  the  6- month  period  front  December  IMS 
to  June  1944.  The  engineer  wee  responsible  for  the  work  of  these  laborers 
except  that  of  the  troop  antimalaria  details.  Thus,  on  the  larger  bases,  each 
engineer  had  from  100  to  250  men,  exclusive  of  troop  units,  working  under  hie 
general  supervision. 
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Troop  Unit  Antimalaria  Organization 

From  the  first,  antimalaria  details  wen*  ex|iertcd  to  do  the  larviridal  work 
in  their  own  areas.  The  assignment  of  men  to  oiling  details  in  1942  ami  the 
early  half  of  1943  was  irregular  and  de|ieii<led  on  |M*rsoual  arrangements  liet  ween 
the  island  malariologist  and  each  commander.  In  Sr|rtember  1943,  an  areawide 
directive,  (\nnSol*ac  Serial  01619, dateil  13  Se|Menilirr  1943,  unlrml  I  lie  forma¬ 
tion  of  a  mosquito  control  squad  in  every  batallion.  A  snlweqneiil  directive, 
ComSnPac  Serial  02158,  dated  19  Octolier  1944.  onlereil  the  formation  of  an 
antimalaria  detail  in  each  company,  Imttery  or  similar  anit.  This  detail 
consisted  of  one  noocoeunissiooed  airrr  and  two  enlisted  men  per  infantry  com¬ 
pany  or  a  proportionate  nuuilier  for  other  units.  In  nonmedical  units,  three 
details  were  made  up  of  nonmedical  personnel.  Three  details  were  reeponeihle 
for  all  insect  control  work  within  the  region  occupied  by  their  units,  and  their 
work  was  checked  by  technicians  from  the  base  nr  division  malaria  survey 
detachment  described  previously. 

These  antimalaria  details  worked  effectively  in  ell  situations  except 
those  of  frontline  conihat.  It  was  not  only  ini|iossible  for  most  antimalaria 
details  to  do  antimrequito  work  under  ronilmt  conditions,  Init  these  ixrsotinel 
were  as  fatigued  as  their  comrades  at  I  lie  end  of  the  ennihat  period  and  so 
further  postponed  this  work.  To  remedy  this  situation,  temporary  sjtray  teams 
were  formed  in  comlait  regiments  and  are  described  in  flaw  next  section. 
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Division  Malaria  ami  I  lints' t  Control  Organization 

Tin*  Division  Miilnriu  mid  Inseci  Control  (troop  comprised  tin*  division 
niaiariologist,  u  iinilcrio  survey  detachment,  and  »  imilit rin  control  detachment 
totaling  4  officers  and  --  technically  I  mined  enlisted  men.  This  group  was 
attached  to  the  division  over  and  .il«»ve  its  estuldislnsl  allowance  for  Medical 
De|nirt  incut  personnel.  They  performed  tin*  same  funct  ions  for  the  division  as 
did  the  Irnse  malaria  and  insect  control  groii]>  fot  each  island  Iw-e,  with  the 
addil  tonal  duty  of  providing  ant  iiini  In  rin  protection  during  the  |N*rio<|sof  net  ive 
conilmt.  This  resulted  in  less  emphasis  on  s|>eeiali/.<ilioii  and  mote  emphasis 
on  Ik-xihility,  with  every  man  trained  10  aid  in  all  pliases  of  n  simple  initi- 
mosquito  pnignim. 

It  was  the  duty  of  tin*  division  inalariologist  to  pros  ide  plans  for  the  enn- 
t  rol  of  malaria,  dengue,  mile-lairne  typhus,  and  other  insert -Itorne  diseases  dur¬ 
ing  a  |a-riod  of  nctive  operation.  The  linn]  plan,  selected  from  several  pre|>nred 
in  advance,  was  deienniinsl  liy  the  pnrticnlnr  military  situation. 

An  ini|K>rtnnt  feature  of  all  sik-Ii  plans  was  the  provision  far  a  |mm>I  of 
trained  men  to  do  temporary  insect  control  work  la-hind  the  lines  during  com¬ 
bat  ]ienods.  This  jxad  of  iiersonnel  was  obtained  hy  drawing  one  man  from 
each  antimalaria  detail  and  adding  a  technically  trained  nucleus  from  the 
attached  surrey  and  control  detaclunents.  In  moat  plans,  this  personnel  was 
split  into  four  temporary  spray  teams,  of  which  otie  was  attached  to  di vision 
headquarters  and  one  toeach  of  tlie  three  regimental  headquarters.  The  tempo¬ 
rary  spray  team  went  ashore  with  the  division  or  regimental  lieadquariers  to 
which  it  was  attached  an<|  lipgan  work.  Fly  control  was  done  by  spraying  nn- 
buried  1  todies  with  5-percent  DDT  solution  or  1 -percent  sodium  arsenite  solu¬ 
tion.  Straddle  trenches,  pit  latrines,  and  other  sources  of  fly  breeding  were 
treated  similarly.  Mosquito  control  measures  were  carried  out  o  round  Itead- 
quartrrs,  medical  facilities,  supply  dnni)>s  ami  .iking  communication  linesi 
( See  appendix  A,  p.  888.) 


Malaria  Control  Labor 

Unskilled  labor  was  obtained  from  Army  medical  sanitary  companies  and 
natives.  Each  Army  medical  sanitary  company  constated  of  8  oticers  and  108 
enlisted  personnel.  These  companies  provided  their  own  meaning  facilities 
and  were  authorised  **  to  operate  nine  vehicles  and  other  suitable  equipment 
The)'  were  assigned  to  island  commands  and  were  employed  as  directed  by  the 
malariokigist  in  conjunction  with  antimalnria  work.  There  were  eight  medical 
sanitary  companies  used  only  for  malaria  control  within  the  South  Pacific 
Area  as  of  i  Juno  1944,  located  as  follows;  Four  couqianies  on  (luadaicana); 
one  each  on  Bussell  Islands,  Munda,and  Bougainville:  ami  one  divided  company 
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with  a  platoon  oil  Green  Island  and  a  platoon  mi  Kniiran  Island.  They  rapidly 
developed  an  understanding  of  the  problems  of  malaria  control  and  facility 
in  necessary  procedures.  Enlisted  men  who  showed  aptitude  were  trained  in  the 
operation  and  maintenance  of  heavy  equipment,  in  dynamite  work,  and  in  mos¬ 
quito  survey  work.  Tliese  troops  were  of  great  value  us  a  constant  source  of 
experienced  labor.  Their  activities  included  larviciding,  application  of  resid¬ 
ual  spray,  hand  ditching,  and  similar  work. 

Natives  were  employed  on  nearly  all  bases.  Tlie  decision  to  utilize  this 
source  of  labor  was  made  early  in  tlte  campaign  with  tbe  knowledge  that  tliese 
local  inhabitants  constituted  a  potential  seedbed  of  malaria  and  Klariasis.  Tlte 
malaria  control  organization  a  itemized  to  minimize  this  health  hazard  by  seg¬ 
regation  and  by  otlier  means  described  in  the  section  on  malaria  control  meas¬ 
ures.  Laliorcrs  worked  in  sections  of  25,  each  with  its  own  native  sergeant. 
The  total  number  of  imported  Melanesian  laborers  on  all  bases  was  over  tyOOO 
in  1044.  About  fiOO,  or  10  percent,  worked  daily  on  malaria  control  during  tlie 
period  of  maximum  activity  in  the  theater. 

Airplane  Spraying  Arrangements 

Arrangements  made  by  the  malaria  and  epidemic  disease  control  organiza¬ 
tion  for  the  accomplishment  of  airplane  spraying  varied  on  different  bases.  In 
one  respect,  liowever,  they  were  uniform ;  that  is,  all  spraying  was  done  on  a 
scheduled  basis  and  because  of  known  need  for  iarvicidal  work,  with  the  excep¬ 
tion  of  spraying  done  on  a  purely  experimental  basis  for  evaluation  of  equip¬ 
ment.  Only  small  aircraft  were  routinely  used.  Frequently,  the  equipment 
used  and  operating  arrangements  resulted  from  informal  arrangements,  and 
much  of  the  spray  equipment  was  fabricated  at  airplane  maintenance  shops. 
On  most  bases,  pilots  were  assigned  to  tlie  malaria  control  organization  for 
operational  control,  a  moat  important  factor  in  the  aocomplldunent  of  eftcieut 
airplane  spraying.  The  arrangements  eventually  worked  out  for  airplane 
■praying  on  Guadalcanal  may  be  considered  representative  of  this  work  in  the 
South  Pacific. 

All  regularly  scheduled  and  special  flights  were  tinder  the  control  of  the 
laiand  Command  entoaaola^ist  who  briefed  the  pilot  on  the  are*  to  be  covered 
and  arranged  for  leading  the  airplane  with  insecticide.  The  pilot  arranged 
for  operational  clearance  from  the  field  where  the  plane  eras  baaed  and  from 
the  field  from  which  operations  were  to  be  carried  out.  Usually,  the  field  near¬ 
est  the  *iti  to  be  sprayed  was  selected  fur  use,  in  order  to  minimise  the  tuns 
required  for  return  to  the  field  for  reloading.  Frequently,  abandoned  aireiripa 
were  wed  until  this  practice  was  forbidden  because  of  the  lack  of  emergency 
equipment.  Aircraft  were  serviced  by  means  of  a  mobile  service  truck  developed 
and  equipped  for  the  specific  purpose.  In  |>ractice.  the  use  of  aircraft  without 
radio  equipment  proved  an  advantage  because  of  priority  in  landings  ami  take- 
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offs  from  busy  Helds.  Ex|>erieiiced  pilots,  properly  briefed,  needed  no  ground 
guides  other  than  terrain  or  vegetative  features  in  order  to  nccoiuplisli  thorough 
coverage. 

Other  Military  Agencies  Engaged  in  Antimalaria  Work 

Skilled  labor  for  nialuria  control  work  included  dragline  and  bulldozer 
operators,  dynamite  experts,  carpenters,  and  welders  to  make  flumes  and  cul¬ 
verts.  Such  skilled  personnel  and  heavy  equipment  were  olrfnined  chiefly  from 
naral  construction  battalion  |>eraonnel,  and  in  small  part  from  tlie  Army  Corps 
of  Engineers. 

In  May  lW.'l,  the  need  for  large-scale  mosquito  control  work  on  Guadal¬ 
canal  became  so  urgent  that  the  entire  63d  Naval  Construction  Battalion  was 
ordered  by  ComSoPac  to  malaria  control  work  at  that  base.  The  personnel  of 
this  battalion  rapidly  became  acquainted  with  malaria  control  problems  and 
techniqties  and  accomplished  an  extraordinary  amount  of  semipermanent  con¬ 
trol  work  over  the  entire  hase. 

The  formation  of  sanitary  sections  in  all  naval  construction  battalions  for 
use  on  malaria  control  work  was  authorized  by  a  series  of  directives  issued  in 
July  ami  August.  These  directives  ordered  each  naval  construction  lmttalion 
to  form  a  sanitary  section  of  110  enlisted  men  and  to  provide  specified  equip¬ 
ment  for  work  on  malaria  and  epidemic  control  projects  under  the  direction  of 
baae  ami  division  (Marine)  malariologista.  Equipment  assigned  to  each  sani¬ 
tary  section  included  one  dragline  crane,  one  tractor  with  bulldcner  blade,  and 
seven  trucks.  Since  there  were  about  20  naval  construction  battalions  on  malari¬ 
ous  baser  in  the  year  subsequent  to  this  order,  tlwee  directives  made  available 
to  malaria  control  a  potential  total  force  of  over  2,000  men  and  more  than  20 
balklaoers,  20  dragline  cranes,  and  140  vehicles.  Actual  compliance  with  tliese 
directives  furnished  about  500  men,  10  to  15  bull  dozens  and  8  to  12  dragline 
cranes  daily  for  work  on  malaria  control  projects  during  the  8-month  period, 
November  104#  to  June  1044. 

Despite  outstanding  work  by  inanj  of  these  Imitations,  compliance  with 
them  directives  was  usually  delayed  and  incomplete.  Work  often  was  done 
too  late  to  forestall  an  initial  outbreak  of  malaria  and  seeding  of  troops.  This 
was  due  to  high  priorities  for  airfields,  roods,  harbor,  and  storage  facilities. 
Bsqueets  far  diversion  to  malaria  eootrol  of  10  percent  of  men  and  equipment 
often  seemed  nnreeennahU  to  the  ofteers  responsible  for  major  construction 
projects. 

Certain  faults  were  inherent  in  tie  sanitary  section  of  (he  construction  bat¬ 
talion  m  originally  conceived.  Construction  battalion  personnel  comprised  for 
the  moat  part  highly  skilled  labor  with  technical  ratings  and  with  only  few 
unskilled  workers.  It  was  wasteful  and  damaging  to  morale  to  use  skilled 
labor  for  unskilled  manual  work.  Wherever  proeible.  tlie  use  of  skilled  con¬ 
et  met  ion  battalion  labor  was  limited  to  the  use  of  heavy  equipment  and  to  other 
skilled  jobs  while  unskilled  manual  work  was  uone  by  native  labor. 
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Tli«*  use  >f  Army  engineers  for  ncihiria  control  was  niitlim-iznl  1,1  a> 
follows: 

“Tin*  (\*r|>s  of  Kugineers  is  rhn  rgeil  with  the  res|M>nsil>ility  for  I  lie  execu¬ 
tion  of  mosquito  control  work  on  iviil  pro|ierty.  This  i.:i  Inilrs  snrli  measures 
ns  dniumge,  filling,  larvicidal  programs.  nml  screening." 

Tlir  iiiimlier  of  troops  in  the  Army  Corps  of  Knginrers  in  the  South 
INteiKo  Area  was  small,  as  rnuqinrei]  with  the  umiilier  in  the  ntiviil  construc¬ 
tion  battalions.  The  use  of  stlrlt  troops  for  innhiriu  control  projects  was 
siiliject  to  the  same  delays  encountered  with  naval  construction  haltalion 
sanitary  sections  with  the  milled  handicap  t lint  no  set  p'ivciitngc  of  troo|>s  in 
the  Army  Cnr|is  of  Kugiucers  was  ■  '  '>eted  to  tlo  inalnria  control  work.  A 
few  of  these  troo|is  did  excellent  wot  oil  insist  emit  col  projects,  lint  the  total 
wtis  small. 

The  practice  was  liegun  during  IU4I  of  snhmilt ing  consolidated  estimates 
for  till  liase  iniihiriti  control  pmjei'ts  to  the  coiiiniiiudiiig  general,  with  tlie  re¬ 
quest  that  these  projects  la*  assigned  to  heavy  equipment  units.  This  resulted 
in  tin*  division  of  these  projects  lietween  Army  engineer  units  ami  naval  con¬ 
st  met  ion  InttaliiHis.  Snell  projects  were  well  prosecuted. 

A  large  share  of  seuii|ieniiiiiieiit  work  was  dime  with  lmrrowed  equipment 
which  wits  nia  nils  mis  I  anil  o|ierateil  liy  jiersonnel  of  malaria  control  iletarh- 
ments  anil  imslical  sanitary  is  si  i|  smies.  Snell  eqni|mieiit  whkdi  was  in  great 
demand  was  olttained  by  a  process  of  lairter  and  exchange,  the  details  of  which 
were  best  known  to  Army  supply  sergeants  and  Navy  warrant  officers. 

Thus,  malaria  control  personnel  on  Guadalcanal  iqieraled  an  average  of 
10  lmlkloxers,  '>  draglines,  ami  several  disk  harrows  thnmghont  1!>44,  and 
similar  |iersotmel  on  Kspfritit  Santo  ami  Itougaiiiville  ii|ieruted  about  tine-half 
of  this  mnnmii  of  equipment.  A  few  experienced  iterators  of  rik’Ii  equi|nnent 
were  fonml  in  the  various  malaria  control  detachments  ami  others  were  trained. 
Tlie  great  majority  of  all  srniipenuaue'.t  drainage  work  ikme  in  tlie  early 
months  of  <s-cii|Nit ssi  car  several  isla'.it  lames  was  arcomplishrtl  in  this  extra¬ 
legal  manner.  These  experiences  ietl  to  a  recoaimcmlat  wwi  to  the  War  Depart¬ 
ment,  which  was  approved  hy  Hewdqufcrtem,  Services  of  Sopfdy,  South  Pacific 
Am,  to  add  a  limited  amount  of  liearv  earth-moving  equipment  to  the  table 
of  organization  and  equipment  of  medical  aanitary  companies.  This  recom¬ 
mendation  was  rejected  on  the  ground  that  medical  sanitary  companies  did 
ml  have  tlie  necessary  maintenance  crews  and  facilities  to  service  such  lienvy 
machinery.  This  objection  was  theoretically  valid;  in  practice,  Itowever,  surh 
equipment  in  the  hands  of  malaria  control  units  had  an  excellent  muni  for 
days  worked  |ier  machine  jer  month  and  for  rapid  repairs  when  needed.'1 


**  War  Iirvartiurw  Clrcqlar  Ka.  323,  21  1H1 

17  II  In  Mill  M»r  NfviaWa  that  war  |4aa  awlniliif  «arh  milfwl  I*  «  Mlarlt  rtalml  urnRlM* 
(Ml  •*  tiNHlUl  H  »ial>tta>aea(  rwqlrul  w.»rt  In  to  he  atraiiHMH  4«rtw  (hr  rnH;  aralba  «*a  a 
Ma  law. —  AalWrj*  Kata. 
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ANTI  MALAR!  V  ACTIVITIES 

Training,  Information,  and  Propaganda 

Tlie  t  mining  ami  cduration  program  was  planned  to  n>sit*li  evorv  officer 
ami  linn)  in  the  areu  on  :i  level  consist  out  with  Ins  responsibility.  This  program 
fell  into  two  parts:  (1)  The  work  of  the  urea  lietnlipinrters  .staff  which 
dcvehqied  the  necessary  directives,  provided  inaniials,  | sisters  and  other  eilwa- 
t  ion  id  aids  and  conducted  a  small  urea  training  center:  and  (‘J>  the  work  uf 
base  mid  division  iinilnriii  control  groups  which  dirceled  the  mass  education 
program. 

The  inva  stuff  prepared  six  pocket -si*ed  itiatituils,  tlnve  oil  miliaria  and 
one  each  on  dengue,  lilnriusis,  and  rodent  control.  Tlie  three  manuals  on 
malarin  were  written  res|iectively  for  medical  officers,  for  line  officers,  and  for 
enlisted  |x>rsoiinel.  AUnit  500,000  copies  were  printed  locally  to  provide  one 
for  every  officer  and  mini  in  tlie  area.  The  urea  stuff  included  an  artist,  who, 
over  a  2-year  |>eriod,  pnalnred  15  (Misters,  n  monthly  pinup  calendar,  and  a 
weekly  cartoon  for  tlie  Sunday  edition  of  the  local  mimeographed  |m|ier. 
“Malaria  Moe*'  and  the  Frank  Mack  versions  of  a  pinup  girl  and  of  an 
anoplieline  mosquito  were  found  in  nearly  every  tent  and  quonset  hut  in  the 
area.  Posters  were  reproduced  in  numbers  to  supply  one  large  and  one  small 
sire  for  every  200  men.  One  calendar  was  printed  monthly  for  every  live 
men. 

A  library  of  malaria  control  films  was  obtained  and  circulated  to  all  lawn 
and  division  grno]>s  which  arranged  for  command  allowing  of  tlie  more  im¬ 
portant  ones.  Only  two  films  were  considered  adequate,  a  “Snafu*’  film  on 
malaria  and  a  film  produced  by  tlie  Army  Air  (’orjts,  TFl-.’KWd.  Such 
excellent  results  were  obtained  from  tlie  few  satisfactory  films  that  were 
available  that  it  is  to  lie  lioped  that  more  and  lietter  training  films  will  lie 
prepared  for  tlieae  subjects. 

A  monthly  newsletter  was  found  to  lie  n  must  successful  method  of 
disseminating  current  information  to  malaria  control  officers,  hospitals,  and 
bam  and  division  surgeons. 

An  ana  training  center  in  malariotogy  and  other  insert -borne  diseases 
was  established  lint  on  Kfate  and  later  on  Kspiritu  Santo.  It  began  lata  in 
IMS  with  small  classes  of  three  to  fire  offkers  for  2-week  periods.  The  stu¬ 
dents  at  this  school  included  all  newly  arrived  malarioiogists  and  such  troop 
unit  ma laris  control  offeen  as  coukl  be  spared  from  their  organisations. 
Tlie  school  was  located  on  the  grounds  of  a  large  hospital  which  had  a  high 
census  of  patients  ill  with  malaria  and  other  tropical  diseases  and  who  were 
available  for  clinical  and  parasitologic  study.  The  medical  staff  of  the  hos¬ 
pital  aided  thi  area  malaria  control  staff  iu  the  teaching  program.  Adequate 
parasitologic  ami  eutnmnlogk  collections  were  built  up  ami  a  small  Imt  good 
library  was  ol Sained.  Thirty  malarioiogitfs,  or  more  titan  two-thirds  of  those 
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who  worked  in  the  nrea,  attended  these  schools  as  did  a  larger  ininilier  of  troop 
unit  malaria  control  officers. 

The  training  program  on  each  island  or  laise  was  divided  into  three 
parts:  An  apprenticeship  system  for  newly  arriving  ]iersoiiiiel  of  mnlnrin 
cic  trol  and  survey  detachments;  a  short  school  for  troop  unit  antiinnlnrin 
details;  and  a  simple  educational  program  for  every  man  in  the  area. 

The  apprenticeship  system  was  devised  to  meet  the  needs  of  incoming 
mala liologists,  entomologists,  parasitologists,  engineers,  ami  the  men  of  their 
detnehnients,  n  few  of  whom  were  experienced  in  the  problems  ]>eculinr  to 
the  South  Pnvitic  Area.  This  apprenticeship  jieriisl  lasted  from  1  to  months. 
Tlie  teaching  stuff  consistetl  of  the  entire  personnel  of  »  veteran  group,  and 
the  curriculum  was  the  daily  work  of  this  established  group.  After  n  short 
time,  the  newly  arrived  jiersonnel  were  assigned  a  small  area  mid  were  made 
responsible  for  all  phases  of  antiiiailnrin  work  therein,  before  lieing  given 
a  completely  inde|iendeut  assignment. 

It  wns  often  possible  to  place  six  or  eight  iih>ii  of  a  emit  ml  unit  with 
a  naval  construction  liattnliaii  or  Army  engineer  company,  where  tliey  rotated 
through  a  program  of  work  with  dragline  crew,  transit  crew,  dyuainito  gangs, 
and  lienvy  maintenance  section. 

Tlie  training  of  enlisted  personnel  as  technicians  qualified  to  read  blood 
smears  for  malaria  was  one  of  the  urgent  problems  in  the  early  period.  The 
first  school  for  technicians  was  started  >t  Kfate,  using  as  instructors  corpsmen 
w1k>  liad  been  trained  at  the  Naval  Medical  School.  From  50  to  100  routine 
thick-blood  sinews  were  examined  each  day  by  these  corpsmen  and  were 
Available  for  teaching  purposes  (fig.  54).  Similar  schools  were  established 
on  Espfritu  Santo,  Guadalcanal,  and  other  bases  as  soon  as  malaria  control 
groups  arrived.  Students  were  trained  either  singly  or  in  small  groups.  Over 
450  technicians  were  trained  in  the  first  2  years  of  this  work  with  an  im¬ 
provement  in  malaria  diagnosis  throughout  tlie  ana  to  the  point  where  over 
95  percent  of  all  caste  were  confirmed  by  the  laboratory. 

The  School  for  Troop  Unit  Anti-Malaria  Details  was  designed  to  teach 
the  elements  of  larviciding  and  other  control  measures  to  the  awn  who  com¬ 
prised  »  hese  details  in  each  company.  This  activity  was  initiated  by  ComSoPae 
Serial  01819,  issued  on  IS  September  1943  and  revised  on  19  October  1944 
by  ComSoPac  Serial  08158. 

An  effort  was  made  not  only  to  show  how  to  control  malaria  bat  also 
to  explain  the  rationale  of  this  work,  thus  creating  a  nucleus  of  informed 
officers  and  men  in  each  battalion  and  company.  An  average  clam  consisted 
of  10  to  15  students.  Tlie  officers  and  selected  enlisted  men  from  bam  and 
division  malaria  control  groups  comprised  the  faculty.  The  period  of  instruc¬ 
tion  was  usually  2  to  3  days.  The  presentation  of  subject  matter  was  ele¬ 
mentary.  The  unit  medical  officer  was  required  to  attend  because  be  was 
expected  to  use  this  type  of  presentation  in  his  talks  with  the  men  of  his 
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organization.  KmplmMs  whs  plawl  on  practical  field work,  lletweeii  4,000 
and  5,000  officers  and  men  attended  these  schools  during  tlie  first  ii  years 
<•!  their  activity. 


Educational  Program  for  All  Personnel 

All  of  these  programs  were  concerned  with  personnel  engaged  in  full-  or 
part-time  insect  and  rodent  control  work.  The  basic  educational  program, 
to  be  described,  aimed  to  impress  every  man  with  the  importance  of  malaria 
and  with  how  he  anight  protect  himself  from  moequitobome  disease.  Few 
troops  had  had  any  education  in  malaria  before  arrival  in  the  area.  The 
need  for  this  educational  work  was  so  apparent  that  ]>rograine  were  initiated 
almost  simultaneously  on  several  staging  bases  including  the  Fiji  Islands, 
New  Zealand,  and  New  Caledonia.  The  value  of  theBe  early  uncoordinated 
efforts  was  immediately  evident.  At  the  same  time,  there  was  apparent  need 
for  n  uniform  area  training  and  education  program,  for  approver!  training 
manuals,  and  {or  a  publicity  program  employing  the  radio  and  othei  educa¬ 
tional  aide.  A  theater  directive  was  first  isstw  d  in  laid-lMS  and  wan  revised 
by  ComSoPac  Serial  02158,  19  October  1944.  An  extract  follows: 

Tralatat  Proem*  in  Malaria  Control 

1.  Unit  Cowander*  win  allot  la  the  tmlalaa  achedolee  eoaUft  flaw  for  the  proper 
laatrertloa  of  rbetr  troops  la  the  principles  of  Valeria  piecatka. 
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2.  Lecture*  will  lie  given  In  *mali  *ri>ii|>*  nf  men  li.v  their  rv*i«*tlvc  iiusllcul  ••fllccr*. 
These  lecture*  will  raver  tlie  following: 

a.  Military  liii|»>rtai«-e  <•(  Miilnrin. 

b.  Nature  nf  Malaria,  llow  Trniiniiiitlisl  mal  Effect*. 

V.  Iwllvliiiml  ITotertlve  Mra.viire*,  Cotslltlou*  III  Which  Knell  I*  Applicable,  K*|*' 
daily  In  Combat. 

Ke|ielletit*. 

I'ae  of  Ordinary  ( 'Id lie*  fur  l*rolecttun. 

Bpray-kllling  uf  Adult  MiHinllim. 

lied  Net*. 

Alabrine  Suii>re*sive  Therapy. 

Avoidam-e  of  Lmiecewoiry  Kxpieure. 

■I.  (balrd  of  Mowpiito  Nreeilltig. 

e.  Mau-inude  Malaria — llow  to  Avobl  it. 

:t.  All  lierHoutiel  will  lie  given  initial  liud  ruction  ill  prevent  Ion  of  inalarbi  liy  lecture* 
anil  motion  picture*  a*  noon  a*  imteth-nliie.  Sulweipieiil ly.  a  review  of  the  subject  will 
lie  carried  out  at  least  lime  a  mouth. 

4.  Additional  Instruction  will  be  given  to  officer*  tied  iioiiisiiiinilssloiosl  officer*.  or 
petty  officer*,  ravering  especially  the  selection  of  cani|i*ite*.  the  haxanl  nf  unlives  a*  a 
source  of  malaria,  and  the  enforcement  of  precautbai*  under  varying  field  conditions.  Km* 
phn»l*  will  he  put  on  the  responsibility  of  officer*  awl  itoooiuuililMMioneil  officer*  for  gt**l 
“Malaria  I HscIpHne”  anil  It*  IniiNirtanee  to  military  succe**.  Arrangemenl*  may  hr 
maile  to  have  members  of  Bane  Malaria  Control  t  olls  awdst  III  thl*  |MTogram. 

5.  To  aid  In  this  lirogrnm  icrmaoetilly  based  Malaria  Cmtirol  I'nll*  lor  Islaml 
Burgeon*)  will  l**ue  the  folhiwiug  malaria  training  tuaunai*: 

All  Medleni  Officers:  MTM  No.  1.  Prevention  of  Malaria  III  Military  and  Naval 

Korcrs,  SPA. 

All  <  Were :  MTM  No.  2.  Military  Malariu  Control,  In  I  lie  Kleld. 

Enlisted  Men :  MTM  Nn.  3.  Malaria,  Mia«|Uitue*,  and  Men. 

Movies,  additional  literature,  t seder*,  and  other  material  wilt  also  la*  juade  available 
by  Malaria  Cos, r<4  I' nit*. 

«.  Every  milt  will  periodically  comlw-t  Held  exercise*  In  the  prntik-al  *|tptUatlon  of 
anlimalarial  measure*.  On  nmnenvers,  these  measures  will  be  Htamlard  I  traced  urr*. 

Arrangements  were  made  for  brief  radio  announcements  on  each  bane  every 
evening  which  reminded  listeners  to  roll  thtwu  sleeves,  to  use  repellent,  and  to 
take  other  precautions.  The  radio  stations  were  known  as  tlie  Mosquito  Net* 
work,  and  on  (juadaleanal  a  program  uf  reconled  music  known  as  tlie  Atabrine 
Corktail  Hour  began  each  evening  with  a  plug  for  malaria  or  dengue  control. 

Parasitological  Survey  Activities 

The  parasitology  sections  of  tlie  malaria  survey  units  participated  in  the 
educational  and  inspection  activities  of  tlie  malaria  control  groups.  In  addi¬ 
tion,  they  were  charged  with  tlie  rrs|xm*ibility  of  seeing  that  all  blood 
smears  were  read  correctly.  I  |ssi  request,  they  trained  technicians  for  the 
hospitals,  sickbays,  ami  otlier  installations  where  blood  smears  were  examined. 
They  also  made  |ieriodic  checks  on  tlie  aivuracy  of  tlie  diagnoses  made  by  tltese 
installations.  They  provided  a  ntiemeropic  diagnostic  service  for  disjiensarirs, 
sickbays  and  otlier  installations  which  were  unable  to  examine  slide*  them- 
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wives.  In  1!>43  alone,  over  75,040  slides  wore  rend  on  ('■tnniiilniinil.  The 
parasitology  sections  curried  out  surveys  of  iitnliiriii  ami  lil-ii  iusi.'.  among 
natives  and  others.  The  parasitologists  also  collected  and  compiled  statistical 
data  on  iniihirin  incidence  ill  the  troops, 

Entomologic  Survey  Activities 

The  personnel  mid  organisational  structure  utilized  for  entomologic  survey 
activities  in  the  South  l’ncitic  Aren  were  discussed  previously  (chart  25).  In 
actual  practice,  this  organization  was  an  exceedingly  flexible  one,  adaptable 
to  (avnliar  circumstances  and  problems  us  the  need  arose,  ami  Army  malaria 
survey  detachments  were  seldom  used  ns  distinct  and  indejiendent  units.  Ite- 
spor.s-bility  for  survey  work  was  assigned  on  an  area  lias  is,  with  an  ento¬ 
mologist,  either  Army  or  Xayv,  in  charge,  and  |iersni»iel  from  eitlier  or  liotli 
of  tlie  services  detailed  as  needed  or  available.  An  area  entomologist  was  on 
the  staff  of  the  area  inalariologist  to  provide  overall  coordination  of  tlie  work. 
Island  entomologists  were  designated  to  coordinate  the  survey  work  on  tlie 
larger  liases;  namely,  Itougainville,  Espfritu  Santo,  and  Guadalcanal. 

In  general,  within  a  designated  area,  the  entomologist  and  his  crew  were 
responsible  for  surveys  to  iletermine  tlie  incidence,  distribution,  ami  hiologv 
of  arthropods  of  medical  im|iortance;  for  recommendations  as  to  tlie  areas 
requiring  control  operations,  their  pro|ier  treatment,  and  relative  im|wrtanre; 
for  routine  inspection  surveys  to  evaluate  the  effectiveness  of  control  opera¬ 
tions;  and  tor  maintenance  of  appropriate  records  of  insect  populations  and 
their  fluctuations  in  response  to  control  activities  or  other  factors.  Special 
investigr.tional  projects  were  undertaken  as  time  ]iennitted  or  tlie  need  arose. 

1  he  duties  of  the  area  entomologist  were  to  advise  the  area  inalariologist 
concerning  tlrr  broad  aspects  of  the  entomologic  work,  to  aid  in  the  procure¬ 
ment  of  entomologic  supplies,  and  to  assist  base  entomologists  in  the  establish¬ 
ment  of  survey  procedures.  A  similar  relationship  existed  between  the  island 
entomologists  r.*d  the  malsriologtsts  of  the  respective  bases.  In  no  instance 
were  these  command  positions,  and  the  personnel  assigned  to  them  acted  merely 
as  technical  advisers  and  coordinators.  The  value  of  this  type  of  coordination 
waa  recognised,  particularly  since  it  facilitated  the  disaeuti nation  of  ideas 
and  information  at  value  to  the  general  program.  The  area  entnmnlngirt 
prepared  and  distributed  a  monthly  newsletter  which  inelnded  pertinent  ento- 
mofegic  and  engineering  data.  Monthly  meetings  of  the  entomologists  on 
Guadalcanal  were  held,  and  theae  wen  occasionally  attended  by  entomologists 
from  Tulagi.  These  meetings  wen  conducted  in  the  beat  entomologic  tradi¬ 
tions  and  greatly  facilitated  the  problem  of  coordinating  survey  work  on  the 
base. 

Field  survey  work  within  an  assigned  ana  was  usually  conducted  by  from 
7  to  10  enlisted  technicians  in  addition  to  the  otBcer  in  charge.  The  senior  non¬ 
commissioned  officer  was  in  direct  charge  of  both  held  and  laboratory  work. 
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2  01  :>  men  were  usually  detailed  to  inseetary  and  laboratory  nativities,  mid 
tin*  miminder  to  lield  surveys.  Area  assignments  varied  in  size,  deluding 
upon  tlie  complexity  of  tlie  prolderus  eneountered  and  the  terrain  involved. 
They  usually  consisted  of  from  10  to  45  square  miles  of  territory.  The  ento¬ 
mologist  and  the  senior  noncommissioned  officer  were  necessarily  familiar  with 
the  entire  territory  in  a  general  way,  and  field  scouts  were  exjiected  to  become 
acquainted  with  their  assigned  snliareas  in  n  detailed  fasliion. 

In  actual  practice,  no  sharp  distinction  could  be  made  between  initial  ex¬ 
ploratory  surveys  and  routine  inspection  surveys,  since  the  one  gradually 
evolved  into  the  other.  Under  ideal  conditions,  initial  surveys  of  a  territory 
followed  critical  inspection  of  maps  and  aerial  photographs  of  the  area.  Un¬ 
fortunately,  during  tlie  early  phases  of  the  South  Pacific  campaign,  this  was 
seldom  possible.  The  lack  of  adequate  maps  for  malaria  control  activities 
reflected  the  situation  from  the  tactical  standpoint.  There  were  no  good  maps 
of  Guadalcanal  before  the  invasion,  nor  was  that  deficiency  corrected  through¬ 
out  the  combat  period.  Initial  surveys  were  often  sketchy  and  incomplete, 
either  because  of  combat  conditions,  inadequate  personnel,  or  other  factors. 
The  objective  of  the  initial  surreys  was  to  determine  as  quickly  as  possible  the 
location,  extent,  and  description  of  actual  or  potential  mosquito-breeding 
places;  the  records  of  current  adult  and  larval  populations;  and  the  locations 
of  native  villages  or  other  passible  reservoirs  of  tropical  diseases.  As  survey 
work  progressed,  the  accumulated  information  was  used  to  draw  up  detailed 
recommendations  for  a  control  program.  As  the  control  program  developed, 
the  survey  activities  became  progressively  more  routine,  but  field  survey  per¬ 
sonnel  were  at  all  time*  enjoined  to  report  on  the  necessity  for  new  projects  to 
correct  potentially  dangerous  situations,  as  well  as  the  need  for  maintenance 
work  of  any  kind.  Because  of  the  ever-changing  situations  on  most  bases, 
initial  survey  activities  were  never  really  terminated. 

Soutine  survey  activities  were  primarily  aimed  at  improving  the  larvicidal 
program.  Various  attempts  were  made  to  evaluate  the  control  program 
through  sampling  the  adult  mosquito  population,  but  these  were  not  generally 
successful.  As  indicated  preru  isly  in  the  discumion  of  the  habits  of  A.  fmrmUi, 
all  attempts  to  estimate  ths  population  of  this  species  through  counts  of  adults 
in  daytime  resting  place*  failed,  or  were  of  mjr  limited  practical  value.  The 
routine  operation  of  mosquito  tight  trap*  seldom  produced  Anvpkele*  in  suB- 
cisnt  numbers  to  be  of  significance  and  in  areas  of  relatively  low  populations 
seldom  produced  any  specimens.  Night  catches  of  mosquitoes  were  fairly  re¬ 
liable  as  a  measure  of  the  population  but  were  time  consuming  if  properly 
carried  out.  For  them  reason*,  sampling  of  the  larval  population  was  usually 
the  method  of  evaluating  the  control  program.  In  addition  to  supplying  s 
more  aenaiti\  e  measure  of  population  fluctuation,  larval  sampling  permitted 
immediate  application  of  control  measures. 

It  was  tec  gnised  early  in  the  work  in  the  South  Pacific  that  cloee  coordina¬ 
tion  of  survey  and  control  activities  was  necessary  to  attain  the  higheet  degree 
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of  efficiency  in  tlie  approach  to  malaria  and  epidemic  disuse  control.  This 
■was  particularly  true  with  respect  to  tlie  lurvicidal  program.  In  order  to  facili¬ 
tate  coverage  of  all  available  water  surfaces,  survey  crews  routinely  maintained 
maps  showing  the  location  of  water  catchments  and  the  results  of  larval  popu¬ 
lation  sampling.  Since  primary  emphasis  was  placed  on  malaria  control,  the 
location  of  .4.  farautl  breeding  foci  was  indicated  on  the  map  in  red,  tlie  density 
of  the  jiopulntion  being  shown  in  terms  of  a  fraction,  the  number  of  larvae  over 
the  number  of  dips  taken.  Thus  150/60  meant  that  a  total  of  150  larvae  was 
taken  in  60  dips.  Populations  of  culicine  larvae  were  similarly  recorded  in  blue. 
These  data  were  recorded  daily  on  large-scale  wall  mnps  covered  with  a  trans¬ 
parent  overlay. 

At  the  end  of  each  checking  period,  usually  1  week,  the  data  were  trans¬ 
ferred  to  record-size  maps,  and  the  overlay  was  cleaned  off  before  tlie  results  of 
the  next  survey  were  added.  Control  crews  consulted  tlie  map  daily  and  guided 
their  efforts  accordingly.  This  system  permitted  personnel  concerned  to  note 
at  a  glance  the  situation  throughout  tlie  area  and  enabled  the  entomologist  and 
engineer  to  follow,  week  by  week,  the  progress  being  made  in  the  elimination  of 
uhcl  spots.”  These  data  gave  an  accurate  picture  of  the  potential  malarious¬ 
ness  of  an  area  long  before  that  information  could  be  derived  from  reports  of 
incidence  of  tlie  disease. 


Antimoaquito  Operations 

The  story  of  mosquito  control  operations  in  the  South  Pacific  is  a  story  of 
improvisation  and  salesmanship.  Under  the  stress  of  wartime  conditions,  it 
was  necessary  to  work  under  the  handicap  of  critical  shortages  of  personnel  and 
equipment.  Much  of  the  equipment  available  during  the  early  phases  of  the 
work  was  il'  adapted  to  the  job  and  had  to  be  discarded  or  constantly  repaired. 
Attempt!  to  'attain  heavy  eerthmoving  equipment  always  met  with  competition 
from  high  priority  projects  such  as  airfield  and  road  construction.  Control 
work  other  than  hand  la  trickling  waa  delayed  for  many  months  after  occupa¬ 
tion  on  all  ol  the  beam  occupied  during  the  first  1%  yean  of  the  campaign. 
Larvieidiag  wua  not  started  on  Efate  and  Guadalcanal  until  a  malaria  epidemic 

DDT,  with  its  immense  lebormving  potentialities,  did  not  become  available 
for  general  urn  until  after  the  middle  of  1M4.  by  which  tune  the  major  teak  of 
malaria  control — that  on  Guadalcanal — had  already  been  accomplished.  The 
urgency  of  the  situation  in  late  IMS  and  early  IMS  made  it  necessary  to  under¬ 
take  tun  work  with  all  possible  speed.  A  studied  and  strictly  scientific  approach 
was  not  possible.  Although  primary  emphasis  urea  placed  on  malaria  control 
from  the  outset,  it  was  not  known  how  many  rectors  of  this  disease  were  pres¬ 
ent.  or  what  other  maequitobome  diseases  might  be  encountered.  It  waa  felt 
the'  quick  control  of  mosquitoes  in  general  would  ultimately  be  the  cheapest 
control  of  malaria  and  other  epidemic  diseases  transmitted  by  mosquitoes. 
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Antilarval  activities 

Larviciding. — The  initial  approach  In  mosquito  com  ml  wus  largely 
through  diminution  of  the  iliiliiiitiire  stages  of  development.  In  part,  at  least, 
this  division  was  dictated  l>y  the  limited  materials  at  hand,  mostly  diesel  oil  noil 
a  small  nnmlier  of  liu  nil-operated  sprayers.  Only  limited  drainage  coiilil  la* 
accomplished  with  the  few  troops  assigned  to  malaria  control  activities,  ami 
line  and  service  organizations  were  slow  to  coo|>enite  in  mincing  the  extensive 
water  snrfwcs  unless  cotnpelleil  to  do  so  for  personal  comfort.  Minty  months 
were  to  pass  la-fore  an  adequate  liuuila-r  of  vehicles  and  |mwer  sprayers  was 
avnilaMe,  and  airplanes  were  not  used  until  after  OUT  lieennie  available  late 
in  1944. 

Of  the  several  makes  of  lmnd-o|>emted  sprayers  that  were  ultiniately 
useil,  the  3-gal  Ion  chemical  warfare  sprayer,  Ml,  was  generally  the  most  satis¬ 
factory.  When  modified  with  u  suitable  nozzle  and  oil-resistant  hose  and 
gasket,  it  made  a  fairly  light  and  serviceable  item.  It  had  tin*  added  advantage 
uf  having  interchangeable  parts,  a  feature  that  did  not  apply  to  some  oilier 
tyiies  of  sprayers  furnished  ns  equipment  to  Army  ninlnrin  control  units. 
Until  power  sprayers  became  available,  most  larviciding  was  done  with  this 
item,  carried  by  men  oil  foot.  In  order  to  improve  the  efficiency  of  the  operation, 
it  was  the  general  practice  to  distribute  drums  of  oil  to  the  field  by  truck, 
spotting  tlteiu  at  strategic  places  m>  that  walking  could  be  cut  to  a  minimum. 

Once  power  sprayers  liecnme  available,  tliey  were  mounted  on  jee|is  or 
weapons  carriers  and  used  to  patrol  the  miles  of  water-filled  raailside  ditches 
and  ruts  that  existed  on  nearly  every  base.  Complete  coverage  off  all  static 
water  surfaces  was  attempted  each  week  on  most  bases,  although  this  frequently 
could  not  be  accomplished  until  the  program  was  well  underway.  Eventually, 
it  became  the  general  practice  for  organization 6  to  larvicide  within  their  own 
cantonment  areas,  while  the  base  malaria  control  organization  assumed  re¬ 
sponsibility  for  all  other  larvkidal  work.  Larv  iciding  crews  were  usually 
assigned  definite  areas  of  responsibility  and  were  expected  to  become  familiar 
with  all  details  of  the  area  that  required  attention.  Crews  usually  contained 
5  to  15  men  each,  depending  upon  the  extent  of  the  arm  to  be  covered.  A 
noncommissioned  officer  was  in  charge  of  each  error.  The  members  of  the  crew 
might  work  singly,  in  pairs,  or  as  a  group,  again  depending  upon  the  prohlms 
at  hand.  Under  condit  ions  of  normal  rainfall,  the  crew  was  expected  to  be  able 
to  cover  its  assigned  territory  once  in  4  or  5  days.  This  schedule  left  a  safety 
factor  of  2  or  S  days  for  repair  of  equipment,  rainy  days,  and  recreation. 

Larviciding  was  not  customarily  carried  out  during  periods  of  excessive 
rainfall  because  of  the  quick  runoff  of  water  and  larvicide.  On  some  bases, 
it  was  found  expedient  to  organise  “shock”  oiling  crews,  usually  of  two  or  three 
men,  whose  duty  it  was  to  cover  breeding  areas  missed  by  the  regular  crews. 
W1  cn  unoiled  breeding  areas  containing  either  fourth  stage  larvae  or  pupae 
of  A nophelt*  were  reported,  it  was  customary  for  the  shock  crew  to  cover  the 
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area  on  the  same  <1"V  regai'dless  of  the  tiine  of  day  at  which  the  report  was 
received.  To  expedite  this  work,  survey  crews  resorted  to  the  use  of  “Hug” 
in  the  field  to  mark  the  breeding  site,  or,  if  necessary,  a  survey  mail  would 
accompany  the  oiling  crew  into  the  field  to  jioint  out  the  site.  Although  this 
system  occasionally  caused  some  hardship  through  disruption  of  planned  after- 
liour  activities,  it  served  to  emphasize  the  iin|N>rtntn-e  of  thorough  coverage. 
The  comments  of  the  shock  crew  cnlled  upon  to  take  cure  of  such  s|iecinl 
assignments  were  usually  sufficient  to  improve  the  work  of  the  regular  crew. 

The  routine  ttse  of  DDT,  when  it  became  available,  resulted  in  a  great 
econo  -’f  of  ls>th  lalair  and  diesel  oil.  Usually,  the  spray  schedule  was  not 
alte-  t.  Some  larvicidal  crews  were  equipped  with  2-qunrt  continnons-Hpray 
disp  isers,  and  it  was  found  that  where  scattered  small  poois  were  involved 
this  item  of  equipment  would  hold  enough  solution  to  last  a  man  for  one-lutlf 
day  of  work.  Crews  that  continued  to  use  knapsack- tyjie  sprayers  adjusted 
the  nozzles  to  the  finest  spray  and  could  work  all  day  without  refilling. 
Spray  crews  were  taught  to  apply  only  a  minimal  amount  of  the  solution  and 
to  take  advantage  of  wind  drift  in  applying  the  larvicide  to  extensive  water 
surfaces. 

Dusting  for  the  control  of  mosquito  larvae  was  little  practiced  in  tlie 
South  Pacific  Area.  Before  tlie  use  of  DDT,  some  attempts  were  made  to 
use  paris  green  for  tlie  control  of  Anopkeht,  with  varying  success.  This 
arsenical  was  used  as  a  temporary  control  measure  along  grassy  stream 
margins  and  around  tlie  edges  of  swamps  until  cleaning  could  be  accomplished. 
Condemned  flour  was  the  most  commonly  used  diluent  but  was  unsatisfactory 
because  in  tlie  humid  climate  bacteria  and  mold  contamination  tended  to  make 
it  lumpy.  Lime.,  pyrophyelite,  and  talc  were  not  available  for  use  as  diluents. 
DDT  dust,  10  percent,  gave  excellent  control  but  was  little  used  bees  use  of  lack 
ol  suitable  dusting  equipment.  Survey  men  often  carried  a  2-ounce  can  of 
DDT  dust  for  treatment  of  rain  barrels  and  small  road-rot  areas. 

Airplanes,  were  first  used  in  the  South  Pacific  for  the  dispersal  of 
insecticide*  in  May  HM4.  This  type  of  work  wss  initiated  on  an  experimental 
basis  fay  members  of  NAMRU  (Naval  Medical  Research  Unit)  No.  2  with 
the  cooperation  of  baas  malaria  control  personnel.  The  Husman-Longcoy 
spray  apparatus  was  installed  on  a  Piper  Cub  plane.  It  was  first  used  for 
evaluating  the  effectiveness  of  aerial  spraying  in  beery  jungle  area*  of  the 
tropica,  the  equipment  haring  already  been  thoroughly  tested  for  performance 
at  the  laboratory  of  the  U.S.  Department  of  Agriculture,  Orlando,  Fla.  The 
success  of  the  first  tents,  and  the  increesing  availability  of  DDT,  made  it 
api^arent  tliat  this  method  of  application  of  insect  icides  would  greet ly  increase 
the  efficiency  of  the  ent  ire  program  and  would,  in  addition,  obviate  the  necessity 
of  nutty  extensive  drainage  projects  then  under  mmslenition."  It  offered, 
for  tt.e  tint  time,  a  practical  method  of  controlling  mosquitoes  in  areas  that 
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could  not  lie  entered  liecmise  of  (lie  presence  of  imi'luirted  landmines  or  oilier 
explosives.  Steps  were  immediately  tnkeu  to  nt  ili/.e  neriul  disi>ers»l  of  DPT 
solut  ions  mid  to  explore  llie  practicability  of  other  ly|ies  of  airplanes  for  this 
work. 

Seveml  types  of  equipment  for  use  on  airplanes  iveie  developed  in  the 
South  Pacific  Area,**  some  of  which  were  thought  to  be  superior  to  the  llnsinan- 
Louproy  spray  appumtiis  because  they  could  be  readily  constructed  from 
material  available  nt  most  airbases.  Exhaustive  tests,  involving  swath  width, 
optimum  flight  speeds,  droplet  size,  and  biologic  evaluations  were  conducted 
with  various  airplanes  and  items  of  spray  equipment.  No  large  multiengine 
airplanes  were  used  routinely  in  the  South  Pacific  since  the  terrain  and  the 
problems  existing  nt  that  time  were  thought  not  to  justify  use  of  large  aircraft 
Aircraft  used  on  both  a  routine  and  experimental  basis  included  t>5-  and  85-hp. 
Piper  Culls  mid  THE  nnd  TBM  planes.  Tests  were  also  conducted  with  F-4U 
airplanes,  but  the  limited  carrying  capacity  and  high  speed  of  this  plane  made 
it  impractical  for  use  in  rear  areas. 

In  order  to  increase  the  efficiency  of  aerial  spray  operations,  and  to  take 
full  advantage  of  the  short  period  during  the  day  when  atmosplieric  condi¬ 
tions  were  suitable  for  spraying,  a  special  ground  crew  was  developed  to  load 
and  service  aircraft.  This  unit  consisted  of  two  or  three  men  with  ft  94-ton 
truck  and  tank  trailer.  Accessory  equipment  included  such  items  as  a  motor- 
driven  fuel  punqi,  a  hand-operated  fuel  pump,  water-stop  filter,  fire  extin¬ 
guishers,  sundry  toois  and  replacement  parts,  DDT  solution,  and  gasoline  for 
tlie  airplane.  Thus  equipped,  the  unit  could  move  to  the  airfield  nearest  the 
site  of  operations  for  the  day  and  service  two  Cub-type  planes  fox*  one-half  day 
of  operations. 

The  effectiveness  of  aerial  dispersal  of  larricides  in  the  control  of  mos¬ 
quitoes  exceeded  the  fondest  hopes  of  the  personnel  in  the  South  Pacific  Ares. 
Even  in  sress  covered  by  a  dense  jangle,  the  fine  spray  penetrated  to  snail 
ground  pools,  and  the  results  were  conclusive.  In  retrospect,  it  i.  ppeara  that 
the  use  of  DDT  and  airplanes  could  have  prevented  the  disastrous  epidemics 
of  malaria  that  delayed  and  threatened  the  oaccess  of  the  early  phases  of  the 
South  Pacific  campaign. 

During  the  latter  part  of  1M4,  the  increasing  use  of  DDT  solnti  at  ia 
diesel  oil  for  both  aerial  and  ground  dispersal  brought  out  a  new  operational 
problem.  Hand  mixing  of  this  material  waa  slow  aad  tedious,  sad  whan  the 
consumption  on  larger  bases  rose  to  several  hundred  gallons  daily  it  waa  neces 
mry  to  devise  boom  means  of  mechanical  mixing.  The  aaoet  practical  of  the 
methods  devised  for  turning  out  large  quantities  of  solution  involved  conver¬ 
sion  of  a  400- gallon  capacity  orchard  sprayer  to  a  mixing  vat.  A  sstisfuctoiy 
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solution  conhl  lie  obtained  ill  n  short  time  liy  means  of  iiictlinniail  agitation., 
and  this  means  was  used  to  supply  DDT  mixtures  to  nil  base  control  units  and 
sanitary  companies  on  Gundalcmml.  The  solution  was  returned  to  the  empty 
diesel  oil  drums,  which  were  used  to  trnus{>ort  the  material  from  the  central 
mixing  station  to  sabstati<ais.  lly  continued  te-iise  of  the  same  drums,  any 
residues  of  precipitated  or  midissolved  DDT  were  not  wasted  lnit  were  retained 
in  sidwHineut  lots  of  the  solution.  Ail  improved  met  Iks)  for  the  preparution 
of  DDT-diesel  oil  solution  on  it  large  scale  wns  subsequently  developed  and  is 
described  in  the  section  on  Okinawa. 

Filling. —  If  DDT  had  lieen  available  from  the  lieginning  of  ntnlnria  con¬ 
trol  activities  in  the  South  Pacific,  it  is  possible  that  much  less  work  aimed 
at  reducing  the  existing  water  surfaces  would  have  been  required.  However, 
although  diesel  oil  was  an  effective  insecticide  when  properly  distributed,  its 
spreading  qualities  on  water  were  not  sufficient  to  give  good  control  in  jmols 
and  swamps  containing  abundant  vegetation  or  debris.  Under  such  circum¬ 
stances,  it  became  imperative  to  bring  the  total  water  surfaces  requiring  larvi- 
cidal  treatment  within  the  capacity  of  the  crews  available.  Accordingly,  a 
systematic  attempt  was  made  to  eliminate  all  ]x**>iblc  surface  water.  Among 
the  first  of  the  projects  of  this  type  was  the  filling  of  shell  and  bomb  craters, 
abandoned  bomb  shelters,  pits  along  roads,  and  foxholes.  When  bulldouers 
were  available,  they  were  used  for  (he  larger  water  catchments.  Smaller 
catchments,  such  as  foxholes,  usually  in  somewhat  inaccessible  places,  were  best 
sought,  out  and  filled  by  crews  of  Melanesians.  Since  Melanesians  customarily 
wore  no  footwear,  one  important  modification  had  to  be  made  in  equipment,  to 
assure  its  proper  use.  Shovels  were  provided  with  a  lwnad  plate  on  the  Idnde 
next  to  the  handle  eo  that  foot  pressure  could  be  applied. 

One  of  the  meet  important  of  all  filling  operations  was  the  elimination 
of  road  ruts  by  the  use  of  a  disk  harrow.  Especially  on  Guadalcanal,  where 
innumerable  miles  of  ruts  were  cut  through  the  extensive  grasslands,  this  was 
•  mot  important  contribution  to  malaria  control.  Once  disked  and  closed 
to  vehicular  tndfir,  them  areas  were  quickly  wvegetated  and  gave  no  further 

Charing  aad  stream  cleaning. — The  cite  ring  of  undergrowth  during  the 
prmn  of  establishing  bivouac  areas  automatically  reduced  the  exiting  moe- 
frito  population  to  a  considerable  extent  through  the  elimination  of  harborage. 
Although  this  wee  an  important  contribution  to  moaqeito  control,  it  was  not 
eonsidsred  serieiently  important  to  warrant  clearing  outside  the  canton nwnt 
area.  The  major  portion  of  the  clearing  that  was  done  for  mosquito  control 
eonaisted  of  cutting  away  the  marginal  growth  along  streams  to  expedite  the 
paaaage  of  oiling  crews  and  of  removing  emergent  aquatic  vegetation  and 
debris  from  swamps  and  slow  streams.  Cleaning  of  streams  hastened  the 
runoff  of  water  and  greatly  improved  the  drainage  of  an  area.  Since  slow, 
sluggish  streams  and  swamps  were  important  sources  of  anopheline  breeding 
daring  periods  of  little  rainfall,  reduction  of  the  moequito  population  in 
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such  places  delayed  the  of  breeding  to  l**ni|x>niry  surface  [mkiIs  thnt 

develo[>ed  following  heavy  mins. 

Tlie  job  of  stream  clemiiug  mill  clenriug  of  underbrush  wns  nrcomplislietl 
by  native  laborers  wlienever  they  were  nvailiible.  Troops  were  very  reluc¬ 
tant  to  do  this  ty|ie  of  work  liecanse  it  wns  dirty,  tiresome,  mid  frequently 
resulted  in  fungus  infection  of  the  skin.  Moreover,  Melanesians  were  infin¬ 
itely  more  skilled  in  the  use  of  machetes,  the  preferred  tool  for  this  type 
of  work,  and  could  accomplish  u  great  deal  more  tliun  n  similar  mnulicr  of 
troops  working  under  the  same  conditions;  moreover,  I  lie  cost  was  relatively  low. 

Stream  cleaning  in  tlie  Solomon  Islands  was  not  entirely  a  dull  routine. 
Many  of  tlie  sluggish  streams  were  inhabited  by  crocodiles,  some  of  which 
readied  a  length  of  10  or  12  feet.  When  one  of  tliese  ill-tempered  reptiles 
was  encountered  by  a  native  crew,  a  scene  of  wild  confusion  ensued,  which 
might  lie  compared  with  the  s|iectacle  of  a  pack  of  dogs  around  a  raccoon 
at  bay.  Tlie  Melanesians  were  anxious  to  kill  or  cnptme  tlie  quarn  but  were 
still  respectful  of  the  damage  that  could  be  indicted  by  it.  Tlie  diase  nearly 
always  ended  in  a  feast  of  crocodile  meat.  Tlie  tail  was  much  prized  as 
food,  the  meat  being  white  and  shrimplike  in  taste  wlien  properly  prepared. 

DnlM|k — Drainage  projects  planned  nnd  carried  out  by  the  malaria 
control  organization  in  the  South  Pacific  were  customarily  accomplislied 
either  by  hand  ditching,  dragline  ditching,  or  the  use  of  explosives.  By 
July  1044,  on  all  bases  combined,  there  were  157  miles  of  dragline  ditclies, 
153  miles  of  hand-dug  ditches,  and  26  miles  of  ditclies  maile  with  explosives. 
These  figures  involve  only  operations  done  primarily  for  tlie  purpose  of 
mosquito  control.  They  do  not  include  ditching  accomplislied  by  organiza¬ 
tions  engaged  in  ertatriishing  or  improving  bivouac  areas,  ditching  in  connec¬ 
tion  with  new  road  construction,  or  shallow  ditches  cut  with  a  pull  grader. 

Draglines,  either  %-  or  %-yard  capacity,  were  used  primarily  on  major 
drainage  projects  such  as  draining  swamps,  channeling  sluggish  streams,  deep¬ 
ening  existing  roadside  ditches,  or  connecting  oxbows  with  stream  channels. 
In  swampy  areas,  the  use  of  mats  was  necessary,  especially  during  the  rainy 
season.  Ditching  machines  were  of  little  value  and  were  little  used.  When 
such  equipment  was  used,  it  was  necensary  to  follow  up  with  a  hand  crew 
to  cut  the  ditch  aides  hock  to  a  45-degree  angle  to  prevent  cave- ins  ami 
ditch  blockage.  Underground  title  or  tile  inverta  were  net  used. 

Many  of  the  made  constructed  during  the  early  phases  of  the  campaign 
were  completely  unsatisfactory  from  a  drainage  standpoint.  This  was  also 
true  of  some  airfields,  although  Koli  Field  and  Koli  bomber  strip,  constructed 
in  the  flat  alluvial  plain  on  Guadalcanal,  were  notable  exceptions.  The  mom 
common  fault  in  road  construction  eras  failure  to  cut  ditches  to  grade  and 
failure  to  install  auMcient  or  properly  placed  culverts  and  connecting  drain¬ 
age  with  stream  courses.  For  example,  the  main  highway  on  Guadalcanal, 
between  the  little  Tenant  and  Nalimbiu  Rivers,  was  so  constructed  that  during 
the  rainy  season  of  1543—44  it  blocked  the  drainage  of  approximately  500 
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a rres  of  graR-dnud  to  the  south  which  was  flooded  with  wiiter  to  n  depth  of 
several  inches.  In  order  to  eliminate  this  Imznrd,  it.  was  necessary  to  cut 
several  miles  of  shallow  ditches  with  a  juill  grader  and  to  connect  the  entire 
network  of  ditches  into  a  main  ditch  lending  to  the  Xalimhin  Hirer. 

Hand  ditching  wus  customarily  limited  to  the  construction  of  shallow 
ditclies.  Most  medical  sanitary  companies  had  ditching  platoons  organized 
to  carry  out  such  projects.  Melanesians  were  not  skilled  at  diieli  digging 
and  were  little  used  for  this  purpose.  Feeder  ditches  from  bivouac  ureas 
were  ordinarily  dug  by  details  from  the  organization  concerned. 

In  very  swampy  areas,  explosives  proved  the  most  practical  met  leal  of 
ditching.  Some  work  was  accomplished  with  dynamite,  hut  this  item  was 
difficult  toobtnin  and,  being  inferior  to  hAngalore  torpedoes  for  use  in  swamps, 
was  not  widely  used.  Bangalore  torpedoes,  metal  |>i|tes  packed  with  high 
explosive,  condemned  for  combat  use  and  lienee  readily  Available  to  malaria 
control  organizations  on  some  bases,  proved  ideal  for  use  in  soft,  mucky  soil. 
By  laying  these  bangalores  in  a  series  and  pressing  them  slightly  into  muck 
or  soft  mud,  several  yards  of  ditch  could  lie  dug  with  one  explosion.  Bnnga- 
lores  had  the  added  advantage  in  that  upon  fragmentation  the  hundreds  of 
pieces  of  sharp  steel  cut  away  the  undergrowth  and  small  runts,  leaving  a 
well-trimmed  ditch.  If  greater  de|ith  was  desired,  a  second  series  of  Imnga- 
kiraa,  laid  in  tlie  first  ditcli,  would  complete  the  job.  In  tlie  mine  way,  small 
shallow  streams  could  he  rapidly  cleared  of  muck  and  debris. 

On  than  islands  having  a  thin  topsoil  and  coral  stilml  rat  uni,  vertical  drain¬ 
age  could  be  accomplished  with  relatively  little  effort.  On  Gran  Island,  for 
example,  vertical  drainage  of  small  catchments  required  only  a  few  holes 
punched  through  the  toil  into  the  porous  coral  beneath.  A  single  blow  wit  n  an 
iron  rod  would  often  gink  the  rod  to  a  depth  of  several  feet.  Limestone  sink¬ 
holes  were  present  on  some  of  the  islands,  and  although  they  often  silted  in 
and  became  closed  they  could  usually  be  opened  witli  a  single  charge  of  dyna¬ 
mite.  On  Hands,  Ondango,  and  Bougainville,  huge  bomb  craters  in  some 
instances  gave  excellent  vertical  drainage. 

Flmddug^-Fl  ashing  dams  were  constructed  in  suitable  streams  in  u  few 
instances,  and  where  accompanied  by  stream  cleaning  they  were  vary  effective 
in  controlling  mosquito  breeding  of  all  kinds.  Without  stream  cleaning,  they 
were  ineffective.  In  all,  a  total  of  nine  dams  were  constructed,  seven  m  Gnad'il- 
canal  and  two  on  Efate.  In  view  of  the  difficulty  of  construction,  and  lack  of 
suitable  materials,  it  is  doubtful  if  wide  use  of  duelling  dams  under  moat 
eondkiouB  of  military  occupation  is  justified. 

Natural  eoutreL  Gambwtim,  the  surface  feeding  fish  often  used  in  trop¬ 
ical  areas  for  the  control  of  anopheline  mosquitoes,  was  used  on  several  bases 
in  the  South  Pacific.  Stocks  were  placed  in  swamps  and  permanent  ponds  on 
Espirku  Santo  end  Hands,  and  in  wells  and  cisterns  of  Efate.  They  hail  l wen 
stocked  on  the  Bussell  Islands  many  years  previously.  Their  chief  value  was  in 
reducing  breeding  in  marginal  areas  not  readily  accessible  for  lsrvkiding. 
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They  were  of  little  or  no  viilue  ill  the  presence  of  vegetation.  Except  for  ns© 
in  wells  and  cisterns,  they  were  not  routinely  stocked  within  the  established  con¬ 
trol  areas.  Even  after  establishment,  constant  maintenance  and  restocking 
was  necessary. 

Flumes. — Coastal  lagoons  on  lh  Mgainville,  (ireeit.  Kiiiirnil.  and  (inndnl- 
canal  Islands  constituted  one  of  the  most  difficult  control  |>robleins  encountered. 
There  were  more  *l.an  60  lagoons  along  the  rvmst  within  the  occupied  area  on 
Guadalcanal.  These  served  ns  permanent  breeding  foci  for  .1.  fmvut!  during 
the  dry  season,  and  even  though  breeding  in  other  areas  wasminiimil  at  that  time 
the  populations  developing  in  the  lagoons  served  to  repopnlnte  adjacent  areas 
whenever  surface  water  became  available.  Control  of  breeding  in  lagoons  was 
therefore  given  high  priority  in  the  control  program. 

These  coastal  lagoons  ordinarily  remained  closed  for  long  periods  of  time, 
although  they  were  occasionally  opened  by  flash  floods  during  periods  of  Iteavy 
rainfall.  Water  within  the  lagoons  rose  to  a  level  of  3  or  4  feet  aliove  sea  level 
and  provided  ideal  breeding  sites  for  malaria  mosquitoes.  Cutting  ditches 
through  the  enclosing  sandbar  offered  only  a  temporary  solution  since  wave 
action  would  quickly  close  the  mouth  of  t  he  stream,  usually  within  ‘24  hours.  The 
problem  was  finally  solved  by  the  use  of  flumes  made  from  a  series  of  oil  drums 
with  the  ends  removed  and  welded  together  end  to  end.  The  lagoon  end  of  tlie 
flume  waa  set  approximately  6  inches  below  sea  level  at  mean  low  tide,  and 
the  flume  extended  out  through  the  sandbar  until  the  opposite  end  was  approxi¬ 
mately  12  inches  above  the  floor  of  the  sea  beyond  the  am*  of  normal  surf 
action.  The  length  of  the  flume  depended  upon  the  pitch  of  the  heacli.  The 
first  flumes  installed  were  placed  at  the  narrowest  point  in  the  sandbar,  but 
experience  showed  that  there  waa  more  likelihood  of  the  structure  being  washed 
oat  during  storms  if  placed  at  this  point.  Subsequently,  it  waa  the  general 
practice  to  place  flumes  well  to  one  side  of  the  narrow  point  in  the  sandbar. 

Flumes  were  held  in  place  by  pilings  placed  on  each  side  at  intervals  of 
5  feet.  Tka  pilings  were  set  with  the  aid  of  a  water  jet  from  a  500-gallon- 
per-minute  fire  pump.  An  experienced  crew  of  14  men  with  dragline,  buUdooer, 
and  fire  pomp  could  set  douMe  flumes  some  200  feet  long  in  from  4  to  6  days. 
Flames  w eve  prepared  in  sections  of  from  IS  to  20  feet  in  length  at  a  welding 
shop  and  transported  to  the  job  in  sections.  Multiple  flumes  were  required  in 
tan  instances  fur  large  lagoons,  ax  being  the  maximum  installed  at  any  one 
lagoon.  When  multiple  flume  were  set,  they  were  usually  laid  in  pairs,  each 
pair  being  somewhat  removed  from  the  adjacent  pair. 

Flumes  properly  installed  not  only  permitted  the  water  in  the  lagoon  to  bo 
drained,  but  permitted  entry  of  some  sea  water  and  at  least  a  alight  change  in  the 
salt  content  of  the  water  in  the  lower  end  of  the  lagoon.  There  was  also  daily 
fluctuation  of  water  level  in  the  lagoon.  Under  these  conditions,  the  flora  of 
these  coastal  swamps  either  disappeared,  or  was  considerably  altered.  Once 
flumes  won  installed,  there  was  usually  little  necessity  for  other  control 
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Agriculture. — Cultivation  of  extensive  mvns  of  former  gni»lnn<l  on 
Guadalcanal  proved  to  in*  an  effective  mosquito  control  inciisiilv.  Eventually, 
aoiiio  2,500  acres  lietween  the  little  Teimru  mid  Xalimhiu  Hirers  were  under 
cultivation  for  tike  purpose  of  supplying  troops  with  fresh  vegetables.  Much 
of  this  grassland  area  had  at  one  time  lirett  latdly  rutted  by  vehicular  t  ratin',  and 
although  this  situation  was  largely  corrected  by  the  time  the  farm  wus  estab¬ 
lished  the  cultivation  of  the  ami  assured  freedom  fmin  mosquito  hauling. 
Even  during  periods  of  heavy  rainfall,  tlie  surface  water  in  the  cultivated  areas 
did  not  persist  long  enough  to  permit  breeding. 

Antiadult  activities 

Space  spraying.—  During  the  early  phases  of  the  South  Pacific  campaign, 
the  only  space  sprays  available  were  the  petroleum  base  sprays  dispensed  with 
old-fashioned  "flit  gnus."  These  were  more  often  used  against  flies  than 
mosquitoes.  They  were  relatively  effective  in  screened  messhalls  and  similar 
places  but  were  totally  ineffective  in  open  quarters.  Pyretbrum  Aerosol  dis¬ 
pensers,  the  well-knowu  “mosquito  bom  he,”  became  available  in  limited  supply 
in  forward  areas  during  the  first  half  of  1943,  and  were  first  used  during  a 
combat  operation  in  July  1945  in  the  New  Georgia  campaign.  By  the  time 
of  the  landing  on  Bougainville  in  November  1943,  an  adequate  supply  of  Aero- 
eol  bombs  was  available  and  they  were  widely  used.  As  new  supplies  arrived, 
there  was  a  gradual  replacement  of  pyrrthrum  Aerosols  with  bombs  containing 
a  small  percentage  of  DDT.  Five-pound  refills  hie  dispensers  were  used  to 
some  extent  in  messhalls,  recreation  areas,  theaters,  and  similar  places  wliere 
large  amounts  of  spray  were  needed. 

Aerosols  were  little  used  in  combat  areas  but  were  extremely  vulusble  in 
rear  areas.  Proper  use  of  an  Aerosol  bomb  in  shelters  occupied  during  night 
air  raids  would  give  protection  to  a  number  of  men,  and  their  use  in  this 
manner  was  encouraged.  In  unscreened  quarters  and  open  foxlwles,  tiie  effect 
was  extremely  transitory,  especially  during  periods  of  even  slight  air  move¬ 
ment.  For  killing  mosquitoes  in  screened  quarters  or  in  mosquito  lied  nets. 
Aerosol  bombs  were  unexcelled.  Aerosol  preparations  were  also  widely  used 
to  spray  hula  occupied  by  native  laborers,  in  order  to  kill  any  malaria  infected 
mosquitoes  that  lingered  following  a  nocturnal  blood  meal.  A  daily  .schedule 
was  established  for  this  work,  with  a  native  dresser  trained  to  do  tho  spraying. 

Thermal  Aerosols  were  used  on  a  few  basts  in  the  Sooth  Pacific,  largely 
on  an  experimental  basis.  *•  Although  they  were  of  value  under  certain  cir¬ 
cumstances  in  reducing  existing  adult  mosquito  populations,  their  general  use 
was  not  possible  because  of  limited  road  nets.  Nighttime  operation  was  moat 
effective,  since  the  atmospheric  conditions  prevailing  at  that  time  usually  lteld 
the  Aerosol  fog  close  to  the  ground.  Daytime  applications  along  the  beach 
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urea,  for  reduction  of  sand  fly  |Mi|>ulatioits,  were  successful  in  sune  instances 
but  (lie  effect  could  sel  ,i««  lie  noted  for  more  limn  ‘2  or  5  dnis. 

Residual  spray  applications  of  .VjietTent  DDT  ill  kerosene  More  by  far 
the  most  effective  insecticide  applications  for  reduction  of  adult  mosquito 
■lopuliitions  in  tlio  South  Pacific.  Eventually,  nearly  all  buildings  tin)  enclosed 
teats  were  so  treated.  Most  of  the  work  was  done  with  a  power-driven  paint 
sprayer  <>|ienitiiig  at  low  pressure;  the  solution  was  applied  to  screens  with  a 
paiutbrusli.  Other  types  of  spray  equipment  were  also  used  for  treatment 
of  the  interior  of  structures.  Iiepirdless  of  the  equipment  used,  the  recom¬ 
mended  rate  of  application  was  1  quart  |ier  250  sautire  feet  of  surface.  The 
Irene nd  ‘'rule  of  thumb''’  was  to  spray  wooden  surfaces  until  wet,  but  just  short 
of  runoff.  This  treatment  was  not  only  effective  against  mosquitoes  and  flies 
hut  was  remarkably  effective  iu  eliminating  ants  from  qnuilers  where  they  hud 
lieeu  extremely  annoying  before  t lie  use  of  DDT. 

DDT  residual-type  spray  was  also  used  to  impregnate  bed  nets.  This  prac¬ 
tice  was  begun  during  the  latter  |<art  of  lb44,  and  the  met lv sis  developed  at 
that  time  were  later  used  for  treating  bed  nets  and  jungle  hammocks  for  tlie 
use  of  two  divisions.  The  solution  was  applied  with  either  a  power  driven  paint 
sprayer  or  the  standard  chemical  warfare  decontamination  sprayer  such  as 
was  widely  used  for  larviciding.  Application  was  at  the  rate  of  1  gallon  per 
6  to  8  nets.  The  method  of  application  was  to  arrange  the  nets  in  it  pile,  spray 
the  top  net,  turn  it  to  start  a  new  pile,  and  then  spray  the  opposite  siile.  Oper¬ 
ating  in  this  fashion,  6  men  with  4  hand-operated  sprayers  were  able  to  spray 
from  (HI  to  100  nets  per  liour;  a  similar  crew  working  with  powrr-opended 
sprayers  could  treat  twice  as  many  in  the  same  period  of  time.  This  included 
preparation  of  tlie  nets,  spraying,  and  hanging  the  nets  to  dry. 

Nets  tested  immediately  after  treatment  and  after  being  stored  for  1  month 
were  lethal  to  A.  farauti  and  other  species  of  insects  used  for  biologic  tests 
of  the  material.  No  further  information  as  to  the  duration  of  effectiveness 
was  obtained. 

Screening. — Screening  of  any  kind  was  practically  nonexistent  during  the 
early  phases  of  the  campaign,  but  by  early  1044,  it  was  available  in  adequate 
amounts  in  all  except  forward  and  combat  areas.  Table  67  shows  tlie  relation¬ 
ship  between  length  of  occupation  of  each  base  and  the  percentage  of  screened 
quarters  aa  of  June  1M4.  Cloth  bobbinet  was  preferred  to  wire  for  field  use 
and  for  use  on  installations  near  the  shore  where  it  eras  exposed  to  windblown 
ash  spray.  During  the  time  that  the  amount  of  screening  was  limited,  the 
following  priorities  ware  eetablished:  Hospitals,  kitchens,  and  messhalts: 
showers,  particularly  far  organizations  with  men  on  night  details ;  latrines ;  and 
(dices,  tents,  and  all  other  living  quarters.  Judicious  use  of  the  available  serren- 
ing  materials  undoubtedly  contributed  greatly  to  the  reduction  of  malaria, 
aa  well  as  to  the  general  comfort. 

Bed  nets  were  probably  the  moat  valuable  single  mechanical  barrio*  against 
mosquitoborne  diseases.  There  were  instances  on  Guadalcanal  and  elsewhere 
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during  tlie  lieiglit  of  malaria  epidemics  wlieve  less  tlmn  a  week  of  bivouacking 
without  bed  nets  resulted  in  a  high  infection  rate  among  tlie  troops  concerned. 
A  single  night  of  exposure  often  resulted  in  consideralde  malaria  in  an  organb 
cation.  Because  of  such  costly  experiences,  orders  were  issued  making  it  t  he 
responsibility  of  each  officer  ami  man  that  bed  nets  shorld  be  available  on  the 
first  night  ashore  except  among  troops  actually  in  combat.  Jungle  hammocks 
were  issued  to  many  troops,  including  entire  divisions  beginning  late  in  1W3. 
Where  proper  use  of  this  item  was  possible,  it  gave  excellent  protection.  How¬ 
ever,  the  issue  of  jungle  hammocks  to  all  personnel  of  a  combat  force  was  prob¬ 
ably  not  justified  because  these  relatively  bulky  pieces  of  equipment  were 
among  the  first  to  be  discarded  during  combat  operations.  Farther,  it  was 
seldom  possible  for  all  tlie  men  of  a  division  to  find  suitable  places  for  suspen¬ 
sion  of  the  hammocks.  Head  nets  were  practically  never  used  for  protection 
from  mosquitoes,  and  their  routine  issue  in  the  South  Pacific  Area  was  not 
conaidired  justified. 

■apgUaatob — Repellents  were  potentially  one  of  the  more  valuable  means 
of  personal  protection  from  mosquitoes  and  mosqnitohome  diseases  hut  were 
relatively  little  uaed  for  their  intended  purpose.  They  were  more  often  used 
for  protection  from  peat  mosquitoes  rather  than  AnopMe*,  and  it  is  doubtful 
if  repellents  contributed  materially  to  the  prevention  of  malaria.  Dimethyl 
phthalate,  the  moot  effective  repellent  for  Anofhtlu  in  the  southeastern  United 
States,  was  comparatively  ineffective  against  A.  farauti.  It  was  effective 
against  chiggen  and  was  used  for  that  purpose  on  Bougainville  when  scrub 
typhus  threatened  to  become  a  serious  military  disease.  Rutgers  612  was 
superior  to  dimethyl  phthalate  for  protection  from  A .  The  standard' 

isod  repellent,  consisting  of  6  parts  dimethyl  phthalate,  2  parts  Rutgers  612,  and 
9  parts  Iudahmo,  was  not  available  until  1W5. 
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In  spite  of  the  ineffectiveness  of  t lie  repellents  against  .1.  fun  'll!,  their 
failure  as  a  means  of  preventing  malaria  must  lie  attributed  more  to  antipathy 
toward  their  use  than  the  fault  of  the  item  itself.  Combat  personnel  often 
claimed  that  the  enemy  could  smell  the  repellent  if  the  wind  was  in  the  right 
direct  ion.  Service  troops  objected  to  the  general  mess  it  toss  ot  the  solutions 
and  to  the  fact  that  dimethyl  plitlmhite  is  a  solvent  for  plasties.  On  fiuadal- 
cannl,  nurses  quartered  in  a  beach  area  wliere  sand  Hies  were  annoying  refused 
to  use  re|>ellents  for  protection  lint  at  the  same  time  used  copious  quantities  of 
an  equally  messy  suntan  oil.  Supplies  of  repellent  were  adequate  after  the 
middle  of  1  and  a  surplus  of  over  12  million  bottles  by  the  end  of  1644 
attest  t.d  to  the  failure  louse  this  item. 

Suppressive  Medication 

Administration  policy  and  procedure 

Atabrine  was  the  only  drug  used  in  large  quantities  for  the  suppression 
of  malaria  in  the  South  Pacific  Area.  Its  value  was  established  slowly  and 
with  difficulty.  At  the  beginning  of  the  campaign,  little  was  known  about 
Us  absorption,  blood  concentration,  excretion,  or  toxicity.  Throughout  1942 
and  1943,  there  was  disagreement  and  uncertainty  regarding  its  use  and  dosage. 
Standard  treatises  upon  malaria  warned  that  Atabrine  had  a  small  margin  of 
safety  and  that  indi  v  iduals  receiving  the  drug  should  be  under  close  observation. 

Administration  of  the  drug  was  frequently  begun  on  shipboard  tts  troops 
approached  malarious  islands,  and  seasickness,  diarrhea,  snd  emotional  states 
were  sometimes  attributed  to  this  drug.  The  yellow  discoloration  which  it  gave 
to  the  skin,  although  harmless,  gave  rise  to  the  suspicion  that  Atabrine  was 
injurious  to  the  liver,  and  this  rumor  was  intensified  when  epidemics  of  jaundice 
occurred  among  troops  taking  the  drug.  The  rumor  that  Atabrine  caused 
sterility  was  common  and  was  fostered  by  the  enemy  through  the  broadcasts 
of  “Tokyo  Base.”  The  fact  that  this  was  effectively  disproved  by  men  of  nnits 
sent  for  rehabilitation  to  populated  areas  did  little  to  improve  Atabrine  dis¬ 
cipline  in  forward  anas.  Added  distrust  of  the  drug  arose  when  troops  who 
supposedly  wen  taking  the  recommended  suppressive  dose  developed  malaria. 
Then  r  as  wide  divergence  of  opinion  among  the  medical  officers  of  the  Marines, 
who  assaulted  Guadalcanal  in  August  1942,  regarding  the  value  and  the  dangers 
of  Atabrine  as  a  suppressive  drug.  Some  units  took  quinine,  others  took 
Atabrine,  and  many  took  nothing.  Then  was  no  method  such  as  was  sub¬ 
sequently  developed  to  supervise  the  administration  of  suppressive  therapy. 

The  directives  from  the  theater  surgeon's  office  on  the  subject  of  suppressive 
Atabrine  therapy  illustrate  the  growth  in  knowledge  of  and  confidence  in  this 
drug  as  tlie  campaign  progressed.  Tlie  first  such  directive  appeared  in  August 
1942  and  is  quoted  in  port  as  follows : 
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Malaria  Prophylaxis 

It  la  recommended  that  malaria  prujOiyloilH  be  given  as  follows ;  Atabrine  is  the  drug 
of  choice.  It  abouitl  be  given  in  doses  of  0.2  grams  twice  weekly  (0.4  grams  i»'r  week). 
When  it  Is  used,  it  is  lo  be  considered  advisable,  afler  3  months,  because  of  slight  cumulative 
effect  of  the  drug,  to  substitute  quinine  for  a  period  of  1  month.  Quinine  is  given  )ir»phj- 
lactlcally  in  dimes  of  15  grains  dully.  This  should  be  continued  for  one  mouth  and  then 
Atahrlne  •  •  *  resumed. 

Iii  October  1943,  a  new  directive  maintained  tlie  suppressive  dose  of  Ata- 
briue  at  0.4  gm.  per  week,  but  the  schedule  was  changed  so  thnt  the  drug  was 
taken  in  one-half  tablet  (0.05  gin.)  amounts  per  day  on  each  day  of  the  week 
except  Sunday,  when  one  tablet  (0.1  gin.)  wits  m ken.  Iii  Junnnry  1044,  the 
weekly  suppressive  dose  was  increased  to  O.C  gin.  per  week,  given  in  amounts 
of  o.l  gm.  each  tiny  except  Sinidiiy.  In  Xovenilier  1044.  the  linul  llienier  direc¬ 
tive  !l  on  this  subject  increased  suppressive  doses  of  Atabrine  to  0.7  gm.  per 
week,  0.1  gm.  to  be  taken  daily. 

Results 

The  value  of  Atabrine  as  a  suppressive  drug  was  gradually  established  by 
clinical  observations  made  within  tlie  theater  at  a  time  wlten  the  studies  on  ab¬ 
sorption,  blood  levels,  and  excretion  were  not  yet  available.  It  became  appar¬ 
ent  that  a  few  heavily  seeded  units  which  had  good  Atabrine  discipline  were 
suppressing  a  large  share  of  tlieir  malaria  as  long  as  they  continued  to  take  the 
drag.  Thus,  the  6th  Marines  reported  less  than  260  cases  of  malaria  while  on 
suppressive  medication  during  January  and  February  1043  on  Guadalcanal,  ms 
compared  with  over  2,500  cases  in  May  and  June  after  tliey  had  moved  to 
New  Zealand  and  had  discontinued  the  drug.  This  organization  of  approxi¬ 
mately  4,600  men  was  on  Guadalcanal  during  the  height  of  the  malaria  epi¬ 
demic,  was  in  severe  combat,  and  had  fewer  cases  of  malaria  than  any  other 
organization  of  equivalent  sise  exposed  in  this  area  at  the  same  time.  Every 
man  in  this  organization  was  given  Atabrine  under  supervision  and  with  the 
use  of  a  checklist  raster.  Loading  doses  of  the  drag  were  given  before  arrival 
on  Guadalcanal  and  0.4  gm.  per  week  while  them.  This  dosage  was  given  at  a 
time  when  the  theater  directive  called  for  0.4  gm.  per  week.  The  regimental 
surgeon  reported  no  evidence  of  toxicity  due  to  the  drug. 

The  147th  Infantry  Regiment  took  suppress!  re  medication  in  dosage  of 
0.4  gm.  with  poor  to  fair  supervision  from  Dscembsr  IMS  through  April  1944 
on  Guadalcanal  and  hod  a  malaria  rate  during  these  6  months  which  ranged 
around  1,000  per  1,000  per  annum.  This  rats  promptly  rose  after  discontinua¬ 
tion  of  Atabrine  in  nonmakrians  Samoa  to  an  average  of  over  3,000  per  1,000 
per  annum  for  6  month*  with  peaks  as  high  as  14/100  per  1,000  per  annnm  in 
selected  groups.  Atabrine  was  then  resumed  with  excellent  supervision,  and 
the  rate  dropped  abruptly  to  well  under  100  per  1,000  per  annum. 
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Toxicity. — -Teinjioniry  nud  minor  gastrointestinal  symptoms  were  not  un¬ 
common  when  Atabrine  whs  first  taken.  In  format  ion  regarding  this  |>ossi- 
bility  was  publicized  in  directives  and  in  edncntionul  nmterinl.  It  whs  recom¬ 
mended  that  medication  for  such  individuals  lie  continned  in  lower  dosages  for 
a  brief  period  and  that  the  full  dosage  lie  resinned  as  soon  ns  possible.  Less 
than  1  jierson  in  1,000  developed  toxic  symptoms  from  the  pivscrilied  dosages 
A  few  cases  of  skin  lesions  which  simulated  lichen  planus  pigmentation  of  the 
palate  mid  subungual  tissues-2  in  those  who  took  suppressive  Atabrine  for  long 
periods  was  noted.  Severe  toxic  manifestations  including  exfoliative  derma¬ 
titis,  hepatitis,  and  nervous  symptoms  such  as  confusion  stntes  were  quite  rare 
among  those  who  took  only  the  prescrilied  dose  of  0.7  gm.  weekly. 

Research,  education,  and  discipline 

The  careful  studies  and  blood  Atabrine  determinations  of  Sclmffer  and 
Lewis 11  showed  that  the  development,  of  clinical  malaria  in  trooj»  who  were 
8iip|>osedly  taking  Atabrine  iu  suppressive  doses  was  associated  almost  in¬ 
variably  with  •»  ttreniely  low  hlood  levels.  Tliese  workers  came  to  tlie  opinion 
that  a  low  Atabrine  blood  level  was  almost  always  due  to  laxity  in  taking  tlie 
prescrilied  medication.  They  were  able  to  confirm  this  by  careful  supervision 
of  Atabrine  administration  with  resultant  rise  in  serum  concentration  and  con¬ 
current  decrease  in  malaria  relapse  rate.  Most  important  of  all,  tliey  devel¬ 
oped  a  technique  which  was  capable  of  convincing  the  most  skeptical  line  officer 
of  the  fart  that  a  tightening  up  of  Atabrine  discipline  would  quickly  reduce 
the  malaria  rates  among  his  men. 

Administration  of  Atabrine  for  suppressive  purposes  was  ordered  to  be  bv 
roster  for  both  officers  and  men.  An  officer  or  a  noncommissioned  officer  was 
detailed  to  watch  the  actual  swallowing  of  the  drug  by  each  individual.  Pre¬ 
cautions  were  taken  to  see  that  individuals  who  were  not  present  were  required 
to  report  and  to  take  their  medication  under  supervision.  As  already  noted, 
the  final  directive  on  suppressive  medication  ordered  a  dosage  of  0.7  gm.  weekly 
given  as  0.1  gm.  daily.  An  alternative  procedure  was  undertaken  by  the  25th 
Division  during  the  latter  part  of  1044;  the  drug  was  given  on  3  days  s  week  in 
doses  of  0.4  and  QA  gm.  The  administrative  problem  was  lessened  and  sup- 
pcesmon  appeared  to  be  adequate. 

Many  men  became  adept  in  circumventing  these  directives  by  palming  the 
drug  or  tucking  the  tablets  between  teeth  and  cheek.  Administration  by  roster 
did  eliminate  much  of  this,  but  the  only  adequate  solution  was  an  educational 
program  to  imprem  each  man  with  the  value  of  tlie  drug  and  with  its 


“  Llptar*.  V.  w„  aa<  ban.  0.  L.  Jr. :  nswataMaa  of  tka  Mat*  a  Ml  S*Mm«MI  Ttaaara 
lawliM  Wltk  tannaaln  Qnta-crla*  HjrlmMarMi  Tberaegr.  Am.  J.  ir*t>.  M.  M :  to-tll, 
Kanaka*  1*45. 

B  Ilka  ear,  a.  J..  aa4  Lawia.  X  1:  Atakrla*  lla«n  la  tka  n*M;  t.  Tk*  KHattn  *f  S*twm 
AtaMaa  Laval  ta  Bnaktkoasfc  at  Fltriaaaljr  CaalractaU  Vlrax  Main  Ha.  nail.  Jakaa  H I  pkla  a  Baa*. 
TS :  MS-SS1.  Mar  1*44. 
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Discontinuance  of  Atabrina  suppressive  therapy 

Atabrine  suppressive  therapy  was  discontinued  in  lightly  seeded  troops 
throughout  the  South  P&ciiic  Area  as  control  measures  Inrunie  adequate  to  |>er- 
mit  doing  so  without  danger  of  significantly  increasing  malaria  rates.  This 
policy  was  initiated  on  Kfate  in  September  1942  at  a  time  wlten  the  malaria  rate 
had  fallen  to  144  per  1,000  per  annum  from  a  peak  of  nearly  2,700  per  1.000  prr 
annum  during  the  previous  April  (table  61).  Malaria  rates  in  tliese  lieavil.v 
seeded  troops  rose  rapidly  during  October  and  November,  and  suppression  was 
resumed  in  all  except  a  few  uninfected  organizations.  This  evidence  against 
the  blanket  discontinuation  of  suppression  in  heavily  needed  troops  was 
strengthened  during  the  next  few  months  by  such  experiences  as  noted  previ¬ 
ously  with  the  6th  Marines  and  the  147th  Infantry. 

These  experiences  resulted  in  the  following  prerequisites  for  the  discon¬ 
tinuation  of  suppressive  medication  in  malarious  territory: 

1.  Anopheline  breeding  must  be  adequately  controlled  on  the  occupied 
portion  of  the  island  and  also  in  any  areas  which  the  particular  organisation 
might  enter  for  training  or  other  activities. 

2.  Troops  must  be  unseeded  or  lightly  seeded  with  malaria.  This  was 
determined  by  the  history  of  previous  exposure  and  by  a  study  of  the  malaria 
rates  of  each  organization.  Those  units  with  a  history  of  a  high  malaria  rate 
were  rarely  recommended  for  discontinuation  of  suppression  even  if  their  rates 
fell  to  low  levels  under  suppressive  therapy.  Occasionally,  medication  would  be 
discontinued  in  a  anal!  pilot  group  in  order  to  determine  the  degree  of  seeding  m 
a  large  organization. 

3.  Troops  were  not  removed  from  Atabrine  suppression  therapy  while 
ground  combat  was  in  pragmas  or  was  threatened  or  when  they  were  scheduled 
for  early  movement  to  a  combat  or  malarious  area. 

The  final  theater  directive  on  this  subject  is  quoted  in  part: 

4.  Isiaad  eoamaadeta  are  authorised  to  dtecoottaae  Atahriae  nunnIii  tees  burnt 
la  aeiaetad  "llahtlj  •ceded’*  salts  opoe  the  recoeuaewdetlns  at  the  IeUad  mslarlelngW  as 
control  aMoaree  haessw  sMcheUr  advanced  to  permit  dotes  m  wtthwat  laterCattse  with 
the  adltUr?  aRrrt. 

1  Mnaatn  treatswat  an  esaeeal  the  setasl  mast  at  taSeeUm  er  the  gtsdssl 
■eedtagaf  aastt  Anaimt  frmdam  from  salads  way  lead  to  >  tslm  — a  at  —csrtty  sad 

mil . .  la  regard  to  trslj  prereottvs  ■eoasree  each  as  bms«sMo  crstrol  aad  ladtvtdaai 

protective  areeasiea.  Thewfcrit,  the  eradhattea  at  the  lergrhi  wKiirito  aad  pwtsetlvr 
It  Mt  ||  QMkiMMd  frith 

The  medical  oAcer  of  an  organisation  in  which  Atabrine  was  dtscoatiaaod 
wm  advised  to  mahe  an  exception  of  thorn  men  known  to  have  had  vemur  malaria 
and  to  continue  them  on  suppressive  medication. 

Field  Research 

It  is  diCcult  to  make  any  clear  distinction  between  the  routine  daily  opera¬ 
tions  and  the  investigational  work  that  was  necesmry  to  initiate  a  malaria 


472 


COMMUNICABLE  DISEASES 


control  prugrwm  ill  the  South  Pacific.  Iteforc  occujutt iiHi  of  the  various 
malarious  bases,  there  was  little  concrete  information  about  tin*  problems  to 
be  encountered.  From  the  beginning  of  tlie  work,  and  utmost  throughout 
the  period  of  occupation,  there  was  need  for  continuing  investigation  of  prob¬ 
lems  that  had  a  direct  bearing  on  the  control  program.  These  were  usually 
done  piecemeal,  either  in  conjunction  with  or  as  adjuncts  lo  the  o(u*mtional 
routine  that  became  established.  Occasionally,  late  in  the  South  Pacific  cam¬ 
paign,  it  was  possible  to  assign  personnel  or  units  to  investigational  work  for 
brief  ]teriods  of  time.  On  numerous  occasions,  from  early  1!U4  on,  it  was 
]MtsHible  to  engage  in  research  work  itt  coofteration  with  sjiecial  teams  sent  out 

by  XAMRU  No.  2. 

Before  occupation  by  the  Armed  Forces,  only  30  species  of  mosquitoes  were 
known  from  the  entire  Solomon  Islands ;  by  the  end  of  the  war,  70  species  of  this 
group  were  known  from  Guadalcanal  alone.  Practically  all  detailed  informa¬ 
tion  about  the  mosquito  fauna  of  tlie  South  Pacific  islands  was  either  acquired 
or  confirmed  by  entomologists  working  on  insect-borne  diseases  during  World 
War  II.  Initially,  it  was  necessary  to  determine  what  vector  or  vectors  of 
malaria  were  present  on  each  base.  The  fact  that  A.  farcnUi  proved  to  be  the 
only  important  species  from  this  standpoint  did  not  lessen  the  investigational 
work  necessary  to  establish  this  fact.  The  bionomics  of  A.  farauti  were  studied 
in  detail."  Similar  critical  studies  were  made  with  other  species  to  clarify 
their  role  in  the  transmission  of  fllsriasis."  Other  field  investigations  in 
entomology  wen  concerned  with  the  hosts  of  trombkulid  mites,  the  incidents 
and  species  involved  in  human  myiasis,  and  the  distribution  and  biologic  fea¬ 
tures  of  various  species  of  Hiss. 

In  the  field  of  control  operations,  investigations  were  concerned  with  the 
determination  of  flight  requirements  of  airplane*  for  use  in  aerial  distribution 
of  insecticides,  droplet  sise  analysis  of  airplane  dispensed  DDT,  suitability 
of  various  types  of  hand  sprayers,  minimum  lethal  dosages  of  insecticides  andsr 
tropical  conditions,  methods  of  applying  residual  type  DDT  spray  to  tentage 
and  mosquito  bed  nets,  and  uae  of  DDT  in  area  treatment  against  adult  ana- 
quitoas.**  The  work  accomplished  was  almost  invariably  the  contribution  of 
n  a  amber  of  individuals  working  together  for  the  benefit  of  the  program  aa  a 
whole. 

Fararitologie  field  research  activities  consisted  ahnoat  entirely  of  murreys 
of  malaria  and  Alsriask  in  natives  and  troops.  The  remits  of  the  malaria 
surreys  hare  been  given  previously. 


■two.  a.  IV  awar  aad  l»*l  CjHa  mt  fmrmmtt  aa  leMU  Seen,  Maw 

MOrtSu.  Am.  tat.  Sm.  1m.  SS :  1-1*.  IMS. 

*  (1)  Ijit  St.  a.  tad  at.  Aaait,  L  S. :  Stadtaa  mm  FUaHaMa.  ihwihlt»n  Si.  14  mad  Km.  1C 
Aaeaat  u4  OrtSif  1*44.  BiilsiUtri.  Malaria  ia4  KeUraSt  Caalral.  Saetk  fHtte  Araa.  (1) 
anew,  a.  J. :  IHSw  aa  PWarlaaV  TraaaaaHtnl  I,  A  aa#*rlea  Sallraala  Otrra  la  a  Xattr*  laVr  faa^ 
aa  ClaaiaWaaal  SnnMM  Xa.  3*.  Jaljr  IMS,  HaaMaartrra.  Malaria  mad  sytliadr  Caatrat  Saatfc 
Pal  Ml  Araa. 

■  Serial  a*  part.  LI.  Jaka  D.  Sapti.  CSX  a  aad  Mai.  Paal  W.  Oma  a.  MC.  Salad  ST  Kmr.  1*44. 
■UM:  Daa  mt  DVT  la  Art*  Traatamt  Apr  Vat  A  Salt  MnpSia. 
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OTHER  ACTIVITIES  OF  THE  ANTIMALARIA  ORGANIZATION 

The  Malaria  and  Insect  Control  Organization  eventually  engaged  in  it 
wide  series  of  activities  which  grew  out  of  the  technical  abilities  of  its  jiorsoii- 
nel.  especially  1 1  lose  of  tlie  )mrnsitologists,  engineers,  and  entomologists.  Most 
of  these  additional  activities  were  concerned  with  the  control  of  ailln>o|>odlionie 
diseases,  although  there  were  occasional  ramifications  such  ns  the  campaign  to 
exterminate  ruts,  not  only  to  destroy  rats  as  hosts  of  the  mite  of  scrub  typlnii 
but  also  because  of  tlie  rats’  economic  depredations.  The  activities  to  be 
described  briefly  were  usually  carried  on  concurrently  with  malaria  control 
work.  Malaria  was  a  year-round  problem  on  the  malarious  islands  of  the 
South  Pacific. 

Dengue  fever  reached  epidemic  proportions  on  the  Fiji  Islands,  New 
Caledonia,  Kfate,  Espfritu  Santo,  aud  Tulagi-Florida  Islands,  in  1!)42— 13. 
On  Espfritu  Santo  alone,  it  caused  illness  in  over  25  percent  of  the  military 
population  and  resulted  in  over  80,000  sick  days  between  January  and 
June  11)4:1. :r  Malaria  tended  to  obscure  the  importance  of  this  disease;  ac¬ 
tually,  dengue  occurred  in  sharper  outbreaks  and  with  a  greater  temporary 
disability  to  a  military  force  than  any  other  arthropodbome  disease.  Although 
the  seriousness  of  malaria  transmission  was  usually  obscured  by  tlie  use  of 
suppressive  medication,  there  was  no  such  drug  to  blunt  tlie  immediate  effect 
of  a  severe  outbreak  of  dengue.  Local  malaria  control  grout**  bad  given 
repented  warnings  of  tlie  potential  hazard  of  tin  can  (lumps  and  of  other 
breeding  places  of  the  dengue-transmitting  mosquito,  Aede*  aegypti.  With 
the  outbreak  of  these  epidemics,  tlie  malaria  control  organization  was  given 
adequate  authority,  personnel,  and  equipment  to  cope  with  the  problem.  As 
a  result,  tlw re  was  no  dengue  outbreak  in  1044  on  any  base  except  in  New 
Caledonia  where  it  was  held  to  very  small  proportions. 

A  severe  outbreak  of  fllariasis  in  the  Samoan  defense  area  led  to  the 
medical  evacuation  of  many  thousands  of  troops  engaged  in  garrison  and 
training  activities.  Studies  made  during  this  epidemic  demonstrated  that  the 
disease  syndrome  called  “mumu”  by  the  natives  was  an  early  manifestation 
of  infection  by  W.  bmwftL  This  syndrome  wae  characterised  by  localised 
swellings,  retrograde  lymphangitis,  lymphadenitis,  and  genital  aaanifeetationa.” 


•snout,  r.  H. ;  Bmmm  Aaat *da  at  tha  Otalaat  frU raw  at  a  Saatk  radSe  Mnw  Baa*. 
U  Jtarjr  M.  M  U :  Ua-llta  last  ISM. 

•  til  Mtm.  1.  A,  InMutu,  S.  W.  n,  aai  at»a lit.  a :  rtlartaala  la  IVfaaa*  raw,  Saauaa 

•no;  - - )-  Basart.  V*.  Dare  M.  Ball.  41 ;  ma-mi.  BistioMr  IMS.  (I)  hfA  B.  R, 

aaS  lauteOM  a  W. :  OaaKal  MaafadaW—a  «C  Barij  niarlaala.  U.S.  Karr  K.  Ban.  4S :  M3-3T*. 
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It  wax  discovered  tlmt  A.  farauti.  the  chief  vector  of  malaria  in  the 
Solomons  mill  New  Hebrides,  wns  also  the  most  ini|K>rtnnt  vector  of  fibiriusix 
in  these  islands.2'  .1  no/>he{c*  kol'x  nxix  wns  also  found  to  1*  a  vector  of  filari- 
asis  on  Guadalcanal.  Thus,  the  exercise  of  malaria  control  on  these  islands 
had  fortunately  furthered  the  control  of  filariasis. 

The  outbreak  of  tsiitxiigiimushi  disease  (mile-borne  typhus)  on  Rougain- 
ville  in  1D44  resulted  in  making  tlie  local  malaria  control  organization  res|>on- 
sihle  for  preventive  measures,  including  rodent  control  ami  the  impregnation 
of  clothing  with  diinethyl  phtlmlnte.  Study  of  this  disease  and  its  control 
was  aided  by  the  arrival  of  an  advunce  group  from  NAMHIJ  No.  2.  Over 
75  cases  of  tsntsnganinshi  disease  occurred  on  Bougainville,  ID  of  which  were 
reported  by  Anderson  him!  Wing.*' 

Undent  control  was  undertaken  Imtli  to  prevent  economic  loss  from  rats 
nnd  to  prevent  spread  of  epidemic  diseases  which  were  harbored  or  trans¬ 
mitted  by  rats  or  their  ectoparasites.  An  officer  qualified  as  a  mammalogist  or 
with  civil  ex|ierieiice  in  rodent  extermination  was  appointed  as  rodent  control 
officer  and  attaclied  to  the  Malaria  and  Insect  Control  Group  nt  each  large 
base.  An  adequate  uunilier  of  enlisted  men,  equipment,  ami  transiiortatioii 
were  provided.  A  manual  was  prejiarrd,  men  from  each  military  unit  on  the 
island  were  trained  in  tlie  technique  of  rodent  extermination,  and  their  work 
waa  then  supervised.  Fumigation  of  ships  for  rat  extermination  was  done 
on  request. 

Part  II.  Okinawa  and  Other  Islands  of  the  Ryukvus 
GENERAL  CONSIDERATIONS 

This  report  is  concerned  with  tlie  history  of  malaria  and  other  insect- 
home  diseases  on  Okinawa  and  adjacent  islands  in  the  Ryukyu  Islands  Com¬ 
mand  from  the  initial  landings  on  1  April  1M5  until  late  in  the  fall  of  that 
year,  after  the  cod  of  the  war. 

Malaria  was  a  potential  threat  which  was  prevented  from  developing 
during  the  combat  phase  and  was  subsequently  held  to  a  minor  outbreak  among 
natives  in  military  government  camps  and  to  a  small  number  of  cases  among 
adjacent  troop  units.  This  was  accomplished  by  careful  planning  and  prompt 
initiation  of  antunoaqnito measures.  Airplane  spraying  of  rieefMd  areas,  even 
under  combat  conditions,  was  brought  to  the  highest  peek  of  efciency  obtained 
during  the  war  in  the  Pacific  and  was  carefully  coordinated  with  ground 
control  activities.  An  eemtial  feature  was  the  development  of  s  plant  for 
large-scale  mixing  of  DDT  with  diesel  oil. 
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It  was  evident  within  .40  days  after  the  initial  landings  that  personnel, 
equipment,  and  supplies  would  be  more  than  nde<|iiMte  to  control  malaria.  A 
considerable  amount  of  effort  nas  then  diverted  to  control  breeding  of  (lies, 
especially  during  lie*  cninlsit  phase.  It  is  Itelieved  that  these  efforts  were  a 
factor  in  the  absence  of  diarrhea  and  dysentery  which  had  plngued  all  previous 
conduit  operations  in  the  tropics  and  subtropics.  It  should  lie  noted,  however, 
that  tly  control  would  have  availed  little  had  it  not  liecu  for  the  outstanding 
work  of  the  sanitary  engineers  in  providing  a  safe  water  supply. 

A  localised  hut  sharp  outbreak  of  Japanese  11  encephalitis  occurred  among 
natives  concurrently  with  tlio  epidemic  of  malaria  already  noted,  and  IW  eases 
of  encephalitis  developed  in  tnaqts  bivouacked  near  these  natives.  Intense 
antimosquito  activities  were  immediately  initiated  in  the  epidemic  area,  ami  tlie 
outbreak  was  rapidly  brought  under  control. 

The  aiiiiiiialnrin  organization  and  tlie  control  nativities  were  similar  to 
those  already  described  (p.  401 )  with  certain  notable  except  ions  which  are  to  be 
discussed  in  detail. 


MILITARY  DEVELOPMENT 

The  military  invasion  and  the  occupation  of  the  Kyukyus  was  tlie  first  step 
in  the  plan  of  the  United  States  to  penetrate  tlie  inner  ring  of  Japanese  defense. 
In  addition  to  cutting  tlie  enemy's  air  communications  through  tlie  Kynkyns 
and  flanking  his  sea  communications  to  the  south,  Okinawa  fnmislied  airbases 
within  medium  bomber  range  of  Japan  and  an  advanced  naval  base.  Tlie  plan 
was  to  use  it  as  a  '..^porting  position  for  the  invasion  of  Kyflshu  and  Honshu. 
The  calendar  of  operations  was  as  follows: 

Assault  landing,  Kerama  Islands,  26  March,  secured  20  March  1045. 

Assault  landing,  Okinawa  Island,  1  April,  secured  .TO  June  1045. 

Assault  landing,  Ii-shima  Island,  16  April,  secured  21  April  1045. 

This  campaign,  as  is  well  known,  was  marked  by  some  of  the  bitterest  fight¬ 
ing  and  bgr  the  heaviest  Allied  casualties  of  the  war  in  the  Pacific.  Severe  com¬ 
bat  on  Okinawa  was  concentrated  in  the  southern  half  and  especially  in  the 
southern  one-third  of  the  island. 

Before  the  military  occupation  of  Okinawa,  it  waa  known,  through  Japa¬ 
nese  reports,  that  malaria  was  endemic  in  the  Ryukyu  Islands.  The  extent  of 
the  problem  and  degree  of  endenucity  was  unknown. 

Some  of  the  troops,  ground  and  air  force  and  Navy,  taking  part  in  tlie 
invasion  and  occupation,  had  been  seeded  earlier  with  malaria  in  the  Philip¬ 
pines.  New  Guinea,  and  the  Solomon  Islands,  although  there  were  no  heavily 
seeded  units  in  the  openit  ion.  Most  of  the  units  participating  had  had  minimal 
or  no  exposure  to  malaria  earlier.  Table  68  indicates  the  strength  of  the  Tenth 
UJ5.  Army. 

By  18  April,  the  entire  northern  peninsula  of  Okinawa  had  been  cap¬ 
tured  (although  guerrilla  forces  still  operated),  and  the  battle  lutes  in  tlie 
south  had  settled  down  along  a  line  across  the  island  from  Naha  and  Shim 
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to  south  of  Vonalmru.  Tlo*  entire  rent  nil  port  of  llte  islinal  mnl  the  north, 
freed  of  all  except  occasional  guerrilla  actions,  was  nvnihthlr  for  rvnr-nren  in¬ 
stallations.  Military  government  instil  I  hit  ions  anil  native  camps  were  looiliil 
ill  the  north  of  the  island,  and  nirlields.  dumps,  hospitals,  and  rnnips  were  set 
up  in  the  flatter  central  region.31 


Table  68.-  Strength  of  Tenth  V. »S.  Army  ami  mnrinr  and  n oral  force*,  in  the  cam¬ 

paign,  JO  April  JO  June  IDSfo 


.Month 

Army 

Marines 

Navy 

April 

19j1S 

i 

102,  250 

88,500 

18.000 

Msy. 

167,  071 

58.804  ! 

21,703 

June 

— 

. 

. -  -  '  ' 

100,301 

i 

■  2,  480 

1 

i  1,  225 

*  The  narked  decline*  fnr  Marith*  ami  \uv>Hrvn*tl*  In  June  lx  1  h»*  n*MiJI  of  rra<df  iinrnl  of  unfit  nil  her  I  hull  of  lam** 
•eato  eradiation  of  prrmmnd. 


AREA  CHARACTERISTICS 
Physiogeography 

The  Ryukyu  Islands  lie  southwest  of  Japan  proper,  northeast  of  Formosa 
and  the  Philippines,  and  west  of  the  Boning.  The  islands,  peaks  of  submerged 
mountains,  stretch  in  an  arc  about  TIM)  miles  long  between  Kyflshfl  and  For¬ 
mosa,  and  form  a  boundary  between  the  East  China  Sea  and  the  Pacific  Ocean. 
The  archipelago  consists  of  about  140  islands,  only  about  30  of  which  are  large 
enough  to  support  substantial  populations. 

Okinawa  is  the  largest  of  the  islands  in  the  Ryukyus.  Extending  gen¬ 
erally  north  and  sooth,  it  is  60  miles  long  and  from  2  to  18  miles  wide,  with 
an  area  of  485  square  miles.  The  terrain  in  northern  Okinawa,  the  two-thirds 
of  the  island  above  the  Ishikawa  Isthmus,  k  extremely  nigged  and  mountain¬ 
ous.  A  central  ridge,  with  elevations  of  1,000  feet  or  more,  runs  through  the 
length  of  the  region ;  the  ridge  is  bordered  on  the  east  end  west  by  terracee 
which  ere  dieaeoted  by  ravines  and  watercourses,  and  it  ends  at  tie  coast 
in  steep  cliffs.  About  80  percent  of  the  area  is  covered  by  pine  forests 
intervened  with  dense  undergrowth.  Narrow  coastal  roods  go  up  the  east 
end  the  west  coast,  with  several  narrow  mountainous  cross-communicating 
roads.  The  Motobn  Peninsula,  which  is  nearly  square  in  shape  and  juts  to 
the  west,  also  has  a  mountainous  and  dificult  terrain.  Two  mountain  tract# 
separated  by  a  central  valley  run  east  and  west  the  length  of  the  peninsula. 
About  miles  off  the  northwest  end  of  the  Motobu  Peninsula  is  the  small 
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flat-topped  island  of  Ii-shiina,  with  a  sharp  pinnacle  nlioiit  ;'mh»  feet  high 
at  the  eastern  end. 

The  southern  third  of  Okinawa,  south  of  Ishikuwn,  is  rolling  hilly  count  ry, 
lower  than  the  north,  but  broken  by  terraces,  steep  natural  escarpments,  and 
ravines.  The  section  is  almost  entirely  under  cultivation  and  contains  three- 
fourths  of  the  population  of  the  island  and  the  large  towns  of  Nairn,  Sluiri, 
Itoman,  and  Yonabaru.  Rice  paddies  till  the  lowlands  near  tie-  coasts.  The 
roads  are  more  numerous  than  in  the  north  but  usually  little  more  than  country 
lanes.  Drainage  is  generally  poor,  and  heavy  rains  turn  the  area  into  a 
quagmire  of  deep  claylike  mud. 

Shortly  after  the  occupation,  tlie  Yontan  and  Katena  airfields  were  taken 
over,  tlie  naval  base  established  in  Xakagusuka  ( Buckner  1  Bay.  and  that 
portion  of  the  island  between  Ishikawa  to  tlie  north  and  Adaniya  to  the 
south  became  the  center  of  the  base  military  activities  of  the  island.  Most 
of  the  unloading  was  done  on  the  western  beaches,  and  most  of  the  quarter¬ 
master  areas  were  there.  Unloading  of  naval  supplies  proceeded  on  the 
beaches  on  the  east  coast. 


Climatic  Features 

Altliough  located  within  the  Temperate  Zone,  the  Ryukyu  Islands  have 
a  subtropical  marine  climate  with  a  relatively  high  and  equable  temperature 
throughout  the  year.  This  is  due  in  large  part  to  the  influence  of  the 
Knroshio  which  arises  in  the  equatorial  ocean  currents  north  of  the  Philip¬ 
pines  and  flows  northeastward  among  the  islands  of  the  Ryukyu  Archipelago. 
Ranging  from  5°  to  15°  F.  warmer  than  tlie  oilier  ocean  waters  about  it, 
the  Kuroshio  serves  to  intensify  the  heat  and  humidity  of  the  sultry  mon¬ 
soon  winds  from  the  south  in  the  summer  and  to  warm  and  moisten  the 
odd  monsoon  winds  from  the  north  in  the  winter.  The  result  is  both  an 
increase  in  year-round  temperature  and  humidity  and  a  modification  of  the 
dimata  extremes  that  would  otherwise  prevail.  At  Naha,  which  is  located 
approximately  midway  in  the  Ryukyu  drain,  the  mean  annual  temperature 
is  75°  F.  January  and  February  are  the  cokkst  months,  averaging  <1*  F. 
in  Naha.  Between  March  and  May,  the  temperature  rises  rapidly,  culminating 
in  the  very  warm  season  from  Jane  to  September,  when  the  temperature 
hovers  about  81s  F.  In  the  last  quarter  of  the  year,  it  dropa  swiftly,  and 
December  averages  only  two  to  three  tligrew  warmer  than  the  two  coldest 
months  which  follow.  Extreme  temperature  variations  are  seldom  experienced 
(table  «0). 

The  mean  annual  moisture  content  of  the  air  around  the  Ryukyu  Islands 
is  ar Passive,  averaging  78  percent  or  more.  Humidity  is  highest  during  the 
April-September  period,  when  it  averages  about  80  percent.  Even  during  the 
winter,  the  minimum  mean  compiled  for  any  month  at  any  station  was  78  per¬ 
cent.  Diurnal  humidity  variation  is  never  very  great ;  in  summer,  it  amounts 
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to  only  about  20  percent  and  in  winter  to  about  14  percent.  The  dinnuil  maxi- 
ninins  occur  between  5  a.m.  and  6  a.m.  and  the  ininiimims  between  1  p.ni.  and 
3  p.m. 


Table  fill. — .tir  (nupi  rainn  n  (in  ilryn  r*  Fuhrrrthrtl) ,  Xnhn,  Okinatra,  ilnriny  it 

ob*i  rrvjti<m  pt  riod 


Tfinjafaiurf 


Awsfe 

Mftktl 

i  maximum 

Mean 

minimum 

11  Iff  heat 
renininl 

Ijivest 

rrrortiet) 

January _ _ _ 

III 

!  «T 

56 

80 

43 

February _  .  .. 

HI 

67 

55 

81 

41 

Marvli _  _  ...  . 

64 

70 

60 

82 

43 

April..- - - 

70 

76 

61 

87 

48 

May- . . 

74 

80 

68 

01 

52 

June _  _  __  _ 

7!l 

85 

75 

04 

51) 

July _ _ 

82 

80 

77 

06 

(Ml 

Ausuat _  _ _ 

82 

88 

1  77 

05 

71 

Heptembrr _ _  _  _ 

80 

87 

75 

1*3  1 

83 

October _  _ _ 

75 

81 

!  60 

01  ! 

50 

November .  ....  .  . .  _ 

m 

75 

l  M 

80  | 

47 

December. .  . .  . . . 

(U 

70 

58 

82  t 

44 

Annual  ..  .  _  _ 

72 

78 

l 

j 

1*6 

41 

Rainfall  ia  heavy  at  Naha,  the  mean  annual  precipitation  being  82.8  inches, 
with  at  least  4  inches  falling  in  every  month  of  the  year.  There  is  considerable 
variation  in  the  amount  of  rainfall  from  year  to  year.  The  wettest  year  ever 
recorded  at  Naha  had  113  inches ;  the  driest  only  42  incites. 

The  summer  month*  receive  the  greatest  amount  of  precipitation,  and  the 
winter  months,  from  November  through  February,  the  least.  The  amount  of 
rainfall  in  any  single  month,  however,  varies  considerably  from  year  to  year. 
At  Naha,  the  least  precipitation  ever  recorded  for  a  single  month  was  0.8  inch, 
the  greatest  28.0  inches.  The  maximum  recorded  fall  for  1  day  at  Naha  was 
16.8  inches.  Such  extremes  of  precipitation,  however,  are  usually  associated 
with  typhoons.  In  contrast  to  the  seasonal  and  monthly  variation  in  amount 
of  rainfall,  the  nuaober  of  rainy  days  is  fairly  uniform  throughout  tlw  yeur. 
Table  70  present#  data  on  rainfall  (In  inches)  and  on  the  number  of  rainy  days 
(with  at  least  0.04  inch  of  rain)  for  Naha,  observations  ranging  from  30  to 
40  yearn,  as  indicated  in  parentheses.  Observations  made  at  13  minor  weather 
stations  on  Okinawa  indicated  that  the  average  annual  precipitation  varied 
from  about  85  to  90  inches  at  different  locations.  The  prevailing  winds  are 
easterly  with  a  mean  annual  velocity  of  8  miles  per  hour  ( range  from  6  to  10). 

The  islands  lie  within  the  typhoon  belt  of  the  East  China  Sea.  From  12 
to  45  typhoons  affect  the  Okinawa  region  each  year,  and  from  3  to  8  can  be 
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expected  to  cntss  directly  over  tlie  area.  The  months  of  givntcst  typhoon  fre¬ 
quence'  are  from  May  to  Octolier.35 

Table  70. — Rainfall  {mranarrmenl  in  inrhm)  anil  rainy  tin?/*,  Xnkn .  (Hi  naira 


Kulnfttll 


Month 

-  - 

- - 

- -  •  “ 

— 

"  - - * - 

Mnui 

Minimum, 

Minimum 

Minimum, 

Kaifiy  •lay* 

(JO) 

in  *J4  hours 

lor  month 

lor  month 

tail 

mil 

Januai ,  ..  _ 

5.  <1 

ia  4 

1.  2 

in 

Februnrv . . . 

.  5. 4 

:v  5 

12.  1 

.  7 

17 

March  _ 

. .;  K.I 

7.  8 

IA  4 

1.  7 

18 

April  . . 

U  1 

i:t » 

20.  3 

1.  4 

l« 

May . . . 

..  _  an 

a  i 

ia  « 

1.3 

17 

June _  .  . 

_  10.0 

7.2 

2a  o 

1.  3 

l« 

July _ 

. i  "  t 

II.  1 

15.3 

1.  2 

lli 

A  0*11- 1. . . 

iao 

11.  7 

22.0 

1.  4 

111 

September . 

7.  1 

7.3 

15.  7 

.11 

i7 

October _  .. 

. !  an 

II  8 

24.11 

.!• 

IK 

November _ 

. !  5.  « 

ia  8 

20.  !> 

.  » 

IK 

December _ 

-  . 

4.2 

»•»! 

1.7 

17 

Annual _ 

. . j  82.8 

1*8 

2a  o  ! 

! 

0.B 

204 

Non.-Nnati(n  i»  r rlrr  (o  )mn  ofuinmaliui. 


Native  Population 

Okinawa,  previously  semi-independent  and  paying  tribute  to  China,  was 
annexed  by  Japan  in  1879,  and  the  people  were  integrated  into  the  Japanese 
governmental,  economic,  and  cultural  structure.  The  racial  origins  of  the 
Okinawans  are  similar  to,  but  not  identical  with,  times  of  the  Japanese,  and  the 
Okinawan  stock  and  culture  has  been  subject  to  considerable  Chinese  influence. 
While  the  Okinawans  generally  reacmbie  the  Japanese  in  physique,  they  differ 
appreciably  in  their  language,  the  native  Lachnen  tongue. 

The  standard  of  living  of  the  Okinawan  people  is  low;  the  Japanese  made 
no  attempt  to  raise  it,  regarding  the  Okinawane  as  inferior  rustics.  Most  of 
the  inhabitants  sw heist  on  small-scale  agriculture.  Every  foot  of  usable  land, 
oven  extending  far  up  the  narrow  valleys,  dissecting  the  northern  peninsula,  is 
planted,  and  terracing  is  extensive.  Crops  are  sugarcane,  sweet  potatoes,  rice, 
and  soybeans.  Livestock  (cattle,  hones,  goats)  were  apparently  abundant 
before  military  occupation.  In  1940,  the  human  population  of  the  island  was 
485,000. 

At  the  beginning  of  the  military  operations,  the  natives  took  refuge  in 
caves  and  in  the  mountains;  as  soon  as  possible  they  were  concentrated  in  A  MG 
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(Anicriciin  military  government)  camps  in  central  uml  northern  ( Ikinuwn. 
Some  few  natives  were  employed  in  the  established  military  urvtis  as  hiboivrs 
during  tlie  hitter  part  of  the  ctiitipnign,  hut  on  the  whole  then1  was  little  associa¬ 
tion  with  troops,  with  the  exception  of  the  personnel  of  the  AM(S  units  and 
hospitals  stationed  directly  in  the  nntive  camps.  The  largest  concentrations 
of  natives  after  occupation  was  the  nortlieast  const,  with  u  series  of  enut|>s  from 
Kin  to  Sednke.  and  another  large  concentration  on  the  northwest  const  in  the 
Gaira-Hentoiia  region  at  tlie  lieginiiiiig  of  the  Motohn  Peninsula.  The  hulk  of 
troops  was  far  separated  from  these  areas,  in  the  central  and  southern  part  of 
the  island. 

According  to  reports  of  several  native  doctors  interviewed  during  tlie  early 
part  of  the  campaign,  malaria  was  unknown  among  tlie  people  in  the  southern 
part  of  the  island,  but  occasional  cases  were  seen  each  year  in  the  north.  Ex¬ 
tensive  examinations  of  natives  carried  out  by  malaria  survey  teams  confirmed 
this  impression — only  9  blood  smears  were  positive  in  more  than  2,000  exami¬ 
nations.  A  different  situation  was  found  during  tlie  subsequent  malaria  epi¬ 
demic  in  northern  Okinawa  (table  71). 


Table  71. — HrnuHn  of  Hood  tramimaliono  of  nolirt*  during  malaria  aulbrrak  in  northrrn 
Okinawa,  A  ufuti  Srptrmhrr  liliS 


Kcdoa 

Number 
pm  mined 

I'rrma  pwtllrr 

Ginuaa. .  .... 

750 

1.  :t 

Sedakr  .  . 

75 

R.  0 

Tatra 

512 

taw 

giTt:  llnra,  W.  O.:  Malaria  aa  Oktaawa.  Sail.  VJI.  Arar  SI.  Ilrpt.  a.  AM.  Aorta*  IMa. 


Moequito  Vectors 

The  anopheline  specie*  present  on  Okinawa  are  limited  to  AnopAefea 
(Ampphrtrn)  ninrnni*  Wiedeman  1828,  and  Anophrlen  (AtHtpkeUa)  aa/nroi 
Bohart  and  Ingram  194th 

AnapArhn  ninrnni*  (fig.  U)  was  found  to  be  whlely  distributed  and 
abundant  in  the  rieefield  areas — in  the  south,  center,  and  north  of  the  island. 
A.  mperm "  was  found  only  in  limited  numbers  in  northern  Okinawa,  and, 
although  captured  biting  maw,  was  apparently  so  rare  that  k  eooM  be  dropped 
from  consideration  as  an  effective  malaria  vector.  The  sole  vector,  by  exclu¬ 
sion,  was  therefore  A.  tmsnti*. 

Anophrlr*  tmenri*  was  commonly  encountered  breeding  in  flooded  rice 
paddies,  before  the  rice  was  high,  and  there  can  be  no  doubt  that  this  con- 


*  (1)  Babart.  S.  ML,  Ml  lagran,  X.  L :  FMr  Hew  Into  at  M melon  tnm  Okluti.  I.  Wei*. 
A«a4.  8e.  M :  44-35.  ISM.  (5)  Hebert.  X.  M-  aa4  Inna  X.  L. :  Mi  mllnw  at  Ibtuni  ami  lateaSa 
la  the  Cratrei  ratSe  WaebUwtaa,  D.C.  -.  Rama  ■(  MrOiM  aal  Rauat.  r.S.  NaTjr  OrfarOarat. 
ISM. 
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stituted  the  most  favored  breeding  area.  Widespread  antilarval  oj^rnlions 
were  begun  promptly  so  that  it  was  not  pMsible  to  follow  the  aquatic  phase 
closely. 

Numerous  observations  were  made  on  tlie  lmhits  of  the  adults  of  this 
species.  Despite  careful  search  of  hundreds  of  dwellings,  and  of  caves  which 
would  appear  to  lie  ideal  refuges,  adults  were  rarely  encountered  in  such 
localities  during  the  daylight  hours,  and  there  can  exist  no  donl>t  that  this 
species  does  not  seek  human  habitation  for  refuge.  Outdoor  refuges  were 
never  encountered,  although  in  some  areas,  mosquito  densities,  as  determined 
by  night  captures,  were  high. 

These  mosquitoes  became  very  active  at  dusk.  If  one  stood  outdoors, 
or  in  tlte  doorway  of  a  house,  dozens  of  mosquitoes  would  land  and  attempt 
to  bite  within  a  short  )>eriod  of  time.  Kven  indoors,  mosquitoes  would  be 
found  to  linve  entered  freely  and  to  be  attempting  to  feed.  This  peak  of 
activity  lasted  for  less  than  an  hour,  and  no  observations  are  available  as  to 
whether  activity  was  sustained  through  tlte  night.  Searching  of  houses  shortly 
after  the  peak  of  evening  activity  revealed  few  or  no  mosquitoes  resting  within, 
suggesting  that  the  mosquitoes  leave  after  feeding. 

Mosquitoes  fed  readily  on  man  but  were  also  observed  and  captured 
feeding  on  horses.  No  comparative  studies  of  host  preferences  were  made. 
In  September,  during  the  malaria  outbreak  in  northern  Okinawa,  72  A. 
•intnsu  were  dissected  but  none  contained  Plwmodium. 

Effects  of  Combat  and  Occupation  on  Malaria  Potentialities  of  Area 

Antimosquito  operations  were  sufficiently  effective  that  an  outbreak  of 
malaria  was  possible  only  under  unusual  circumstances.  The  required  con¬ 
ditions  developed  around  AMO  camps  in  the  arms  shown  on  map  27  and 
resulted  in  a  sharp  epidemic  of  malaria  among  natives  quartered  in  and  near 
these  camps,  described  as  follows : 

Good  mosquito  breeding  places  were  adjacent  to  several  of  these  camps. 
Although  all  of  the  AMQ  camps  maintained  antilarval  crews  to  apply  hir- 
vicidal  oil  to  their  immediate  camp  areas,  this  work  was  not  extended  far 
afield,  or  up  to  the  narrow  terraced  valleys  inland  from  the  camps,  hecaase  of 
the  crer-preeent  danger  of  sniper  action,  ktug  after  the  island  was  declared 
secure.  Airplane  spraying  was*  largely  limited  to  the  areas  of  troop  con¬ 
centration  in  the  southern  half  of  the  island  during  May  and  June  and  was 
infrequent  over  the  northern  half.  Moreover,  the  mountainous  terrain  in  the 
north  forced  the  planes  to  fiy  high  and  so  decreased  efficiency.  Consequently, 
in  many  regions  of  northern  Okinawa,  anopheline  populations  I  tad  the  op¬ 
portunity  to  and  did  maintain  themselves  in  considerable  numbers.  Moreover, 
the  native  livestock,  probably  the  most  important  source  of  blood  meals  for 
the  mosquitoes  under  normal  conditions,  was  virtually  eliminated.  After 
several  days’  search  in  the  Sedake  arm  in  the  month  of  September,  it  was 
finally  pose* We  to  find  one  horse  to  be  used  as  mosquito  “bait.”  Several  hornet 
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were  found  and  utilized  in  Japanese  1)  encephalitis  studies.  Cows  and  gouts 

were  rarely  seen. 

It  appears  that  the  imbalance  in  the  malaria  transmission  picture,  oc¬ 
curring  as  tlae  result  of  military  occu]Nition,  was  caused  by  the  destruction 
of  the  usual  animal  blood  sources,  deviating  tike  mosquitoes  to  humans,  and, 
at  the  same  time,  the  placing  of  humans  in  much  more  intimate  contact  with 
the  mosquitoes,  in  the  AMG  camps,  than  would  ordinarily  be  the  case. 

It  is  important  to  note,  in  connection  with  tlte  habits  of  .1.  kinetuis 
(entering  houses  to  bite  when  necessary  but  feeding  by  preference  outdoors 
and  practically  never  remaining  in  houses  as  refuges),  that  all  the  nntive 
dwellings  and  structures  in  AMG  camps  and  outside  had  been  sprayed  with  a 
residual  deposit  of  DDT  in  diesel  oil  Itefore  tlte  epidemic  begnn  and  one  or 
more  times  during  the  course  of  the  epidemic.  The  interior  house  walls  were 
usually  of  unpainted  wood  paneling.  No  tests  were  made  to  determine  how 
long  the  DDT  residual  deposits  retained  activity  against  mosquitoes. 

MALARIA  EXPERIENCE 

There  was  no  malaria  in  troops  on  Okinawa  during  the  combat  phase, 
1  April-30  June  1945.  In  mid-July,  an  extensive  outbreak  of  malaria  began 
among  the  natives  on  northern  Okinawa,  and  a  few  eases  occurred  among 
troops  who  were  stationed  nearby  (map  28). 14  Only  a  few  troop  units  were 
involved,  and  reports  were  fragmentary.  The  27th  Infantry  Division  re¬ 
ported  94  cases  of  malaria  in  Augwrt,  most  of  them  new  infections.  Company 
I,  5th  Regiment,  1st  Marine  Division,  spent  10  days  at  Kayo  (near  Sednke)  in 
August  and  reported  40  new  cases  of  malaria  in  205  men.  The  3d  Battalion 
of  the  147th  Infantry  stationed  at  Xago  reported  24  cases  of  primary  I*,  virtue 
malaria  soon  after  its  arrival  early  in  September.  None  of  these  units  was 
taking  suppressive  Atabrine.  By  mid -September,  the  epidemic  had  waned. 

This  ontfaresk  was  limited  to  troops  in  the  northern  port  of  the  island; 
three  was  no  aaalaria  among  the  hulk  of  the  troops  who  were  stationed  in  the 
a— them  half  of  tha  island,  although  they  were  in  proximity  to  many  sqnere 
miles  at  rice  paddies  and  ether  potential  breeding  arms.  The  successful  pre¬ 
vention  o t  malaria  among  troops  except  for  them  minor  outbreaks  was  dm  to 
early  and  intensive  antimalaria  work,  especially  airplane  spraying.  The  cool 
weather  daring  April,  when  tha  night  tmaperetnre  frequently  fell  to  sboat 
dO9  slowed  dawn  larval  development  at  a  time  when  control  personnel  were 
•earn.  By  tha  first  of  May,  a  lugalar  achedale  of  air  and  ground  application 
at  DDT  was  in  operation  and  practically  eliminated  mosquito  product  ion  in 
Unoccupied  portion  of  the  eouthern  half  of  the  island. 

The  outbreak  among  the  natives  in  the  AMG  camps  on  northern  Okinawa 
was  dm  to  the  unusual  circumstances  already  described  (p.  438).  Malaria  ap- 
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peered  in  J«iy  and  rapidly  wand  epidwie  proportions  until  brought  to  an 
cad  in  September.  It  is  estimated  that  from  2^KM)  to  &/)00  nun  occurred 
among  the  30,000  to  30^000  natives  who  were  crowded  in  the  areas  shown  on  map 
28.  All  the  rases  observed  were  of  P.  viva*.  In  000  slides  examined  from  sick 
natives  at  Bedake,  80  percent  were  positive  for  malaria. 

This  epidemic  of  malaria  was  concurrent  with  an  outbreak  of  about  1W 
cams  of  Japanese  B  encephalitis  which  occurred  among  natives  and  troops  on 
northern  Okinawa  and  on  a  small  offshore  island  (p.  494). 
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It  was  soon  apparent  that  airplane  application  of  DDT  and  a  small  amount 
of  antimalaria  work  by  ground  personnel  would  be  sufficient  to  control  malaria 
transmission  in  the  areas  of  heavy  troop  concentration.  Therefore,  a  large 
amount  of  work  was  devoted  to  the  elimination  of  fly  populations,  especially 
during  the  combat  phases  and  until  bodies  were  buried.  These  activities  have 
already  been  described  in  this  chapter,  but  it  is  pertinent  to  note  liere  that  this 
was  the  first  campaign  in  the  experience  of  these  authors  in  which  there  was 
virtually  no  dysentery  or  diarrhea  among  troops  during  the  combat  phase. 

ANTIMALARIA  POLICY  AND  ORGANIZATION 
At  Theater  Level 

Preinvasion  planning  was  carried  out  at  Navy  and  Army  headquarters  in 
Hawaii.  Theater  directives  were  prepared  which  were  similar  in  essential 
respects  to  those  already  quoted  for  the  South  Pacific  Area. 

The  staff  officers  who  were  responsible  for  developing  the  theater  direc¬ 
tives  at  headquarters  in  Hawaii  were  then  assigned  on  temporary  duty  to  fill  the 
positions  in  preventive  medicine  in  the  Surgeon’s  Office  of  the  Ryukyu  Islands 
Command. 

Arrangements  were  made  for  airplane  spraying  of  the  occupied  area  from 
D+2  to  D+5  from  a  carrier  based  plane  under  the  direction  of  Lt.  John  D. 
Maple.  This  activity  was  then  transferred  to  Yon  tan  airfield  from  which  a 
C-47  was  used  for  spraying;  about  D+7  this  plane  crashed  end  several  aboard 
were  killed,  including  Lieutenant  Maple.  The  malaria  control  and  survey  per¬ 
sonnel  attached  to  the  Amy  and  Marine  divisions  taking  part  in  this  opera¬ 
tion  were  shipped  to  arrive  with  their  respective  headquarters  units.  The 
majority  of  the  Army  malaria  survey  and  control  detachments  and  the  medical 
sanitary  companies  were  assigned  to  the  Ryukyu  Islands  Command  and  were 
dripped  to  arrive  in  echelona  from  D+15  to  D+180.  Antimalaria  supplies, 
especially  DDT  and  equipment  for  its  application,  were  also  shipped  in 
i«  Indian 

At  Local  or  Island  Level 

A  team  of  five  Amy  and  two  Navy  officers,  all  of  whom  had  worked  to¬ 
gether  for  long  periods  in  the  Sooth  Pacific  Malaria  Control  Organization 
formed  the  nucleus  o f  the  Preventive  Medicine  Section  of  the  Surgeon’s  Office 
of  the  Byukyu  Islands  Command  sad  eooediasted  malaria  control  activities  for 
the  Army,  Navy,  Marinas,  and  military  government  units.  These  individuals 
went  ashore  with  the  Ryukyu  Islands  Command  headquarters  on  D-t-4. 

The  following  directives  pi  /vide  authority  for  and  information  about  the 
insect  and  rodent  program,  of  which  malaria  control  was  an  integral  part : 

Operational  Directive  No.  4A,  Headquarters,  Tenth  Army,  dated  6  May 
IMA 
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Operational  Directive  Xo.  7,  Headquarters,  Ryukyu  Islands  Command, 
dated  16  May  1945. 

Memorandum  Xo.  26,  Headquarters,  Ryukyu  Islands  Command,  dated  1 
June  1943. 

The  details  of  this  program  were  explained  in  Medical  Bulletin  Xo.  6, 
Headquarters,  Ryukyu  Islands  Command,  dated  14  July  1943.  The  Preven¬ 
tive  Medicine  Section  of  the  Ryukyu  Islands  Command  was  made  responsible 
for  tlte  coordination  of  all  antimalaria  and  other  insect  control  activities.  All 
malaria  control  personnel  were  ordered  to  communicate  with  the  Preventive 
Medicine  Section  as  soon  after  arrival  on  the  island  as  feasible. 

The  Preventive  Medicine  Section  of  tlte  Island  Command  Surgeon's  Office 
was  responsible  for  the  allocation  of  antimalaria  supplies.  Knapsack  sprayers 
and  dusters  were  in  limited  supply  but  were  obtainable  at  engineer  dumps 
when  requisitions  were  approved  by  Preventive  Medicine  Section.  Other 
supplies  were  obtainable  from  the  Quartermaster  dumps,  with  the  following 
allowances: 

3  percent  DDT  in  kerosene.— 60  gallons  per  1,000  men  per  month. 

Aerosol,  1  pound  dispenser. — 223  per  1 .000  men  per  month. 

DDT  dusting  powder  (larrkide). — 50  pounds  per  1,000  men  per  month. 

Insect  repellent  (2-ounce  bottle). — 2,000  bottles  per  1,000  men  per  month 
as  authorised  by  Circular  So.  91,  Headquarters,  UA  Army  Forres,  Pacific 
Ocean  Amu,  12  June  1943.  The  Preventive  Medicine  Section  established  a 
mixing  station  for  DDT  and  diesel  oil  at  Yontan  airfield  and  assumed  re¬ 
sponsibility  for  the  allocation  of  all  of  this  material  on  quota  basis. 

At  the  time  of  termination  of  hostilities,  90  June  1945,  three  Army  malaria 
control  detachments,  seven  Army  malaria  survey  detachments,  three  Army 
medical  sanitary  companies,  and  eight  Navy  units  (including  two  rodent 
control  units)  had  arrived  and  were  at  work  on  Okinawa  or  adjacent  islands. 

The  Preventive  Medicine  Section  of  the  Inland  Command  Surgeon’s  Office, 
Tenth  CA  Army,  maintained  direct  control  over  the  malaria  survey  and 
control  units  attached  to  the  Army  divisions;  the  surgeon  of  the  naval  bum 
maintained  direct  control  over  the  Wavy  epidemic  disease  control  units  at ts the  I 
to  the  naval  bene  and  to  AMO;  the  Air  Fence  surgeon  maintained  direct  con¬ 
trol  over  the  mnlerin,  survey  and  control  personnel  attached  to  the  Air  Form; 
end  the  Surgeon,  III  Amphibiona  Corps.  Fleet  Marine  Force,  nwintnund 
control  over  the  two  Navy  epidemic  disease  cootroi  auks  attached  to  the  two 

The  activities  of  ell  wan  coordinated  into  the  overall  control  program 
directed  from  the  Island  Command  Surgeon’s  Office.  Survey  and  control 
groups  were  assigned  ss  teams  and  lived  and  worked  together.  Each  team 
was  assigned  an  area  of  the  island  as  its  responsibility.  Maps  were  prepared 
and  kept  ep  to  date  showing  the  areas  of  responsibility  of  each  team.  Follow¬ 
ing  somethin  of  hostilities,  Army  end  Navy  activities  were  sharply  separated. 
A  line  of  dremrotion  was  drawn  roughly  down  the  center  of  the  Mend;  all 
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activities  to  tlie  east  of  the  line  were  placed  under  Navy  siqicrvisiou  mid  all 
activities  to  the  west,  tinder  Army  sii|>ervision.  In  spite  of  this  geographic 
separation,  coo]iernt  ion  continued  to  be  close  and  effective. 

One  of  the  factors  in  nmintnining  coordinated  efforts  ninoiig  the  various 
mnlaria  control  detachments  was  a  series  of  monthly  meetings,  begun  in  April 
1945,  of  officers  from  nil  preventive  medicine  units  on  the  island.  Attendance 
was  voluntary  and  excellent.  A  resnin4  of  the  disease  picture  as  known,  perti¬ 
nent  data  on  change  in  assignment  of  areas  for  control,  on  control  methods, 
availability  of  supplies,  and  similar  subjects  were  presented,  followed  by  tlie 
presentation  of  results  of  investigations  mid  ©iterations  conducted  by  tlie  var¬ 
ious  units. 

Unit  antimalaria  details  or  sanitary  squads  were  organized  and  worked  in 
the  same  manner  as  previously  described  (p.446). 

Malaria  Control  Labor 

Skilled  labor  and  supervisory  personnel  were  provided  by  tlie  malaria 
surrey  and  control  detachments  and  similar  units  noted  previously.  Medical 
sanitary  companies  and  troop  unit  anlimalaria  details  (sanitary  squads)  pro¬ 
vided  tlie  bulk  of  unskilled  labor.  Natives  were  little  used  for  control  opera¬ 
tions  except  around  AM(i  cani|>s.  Tlie  wale  use  of  airplane  spraying  greatly 
reduced  the  need  for  unskilled  labor. 

Airplane  Spraying  Arrangements 

Preinvasion  plans  for  airplane  sprsying  called  for  daily  operations  begin¬ 
ning  with  the  initial  flights  by  carrier  based  TBF’s  and  continued  by  land 
baaed  (MUa  as  soon  as  the  tactical  situation  permitted.  This  schedule  was 
interrupted  by  the  craah  of  the  only  C— 47  available  at  the  time  after  i  days 
spraying  from  Yon  tan  airfield.  Airplane  spraying  was  not  resumed  until  May 
IMA,  when  one  C— 47  from  the  Mh  Troop  Carrier  Squadron  became  available. 
Subsequently,  two  C-4fi  from  the  Slfith  Troop  Carrier  Squadron  became 
available  in  June  IMA. 

During  the  combat  operations  on  Okinawa,  airplane  spraying  waa  ender 
the  operational  control  of  the  Island  Commend  entomologist,  Capt.  Paul  W. 
Oman,  and  the  Command  military  engineer,  Capt.  Eugene  O.  Harriena,  SnC. 
The  entomologiet  was  responsible  for  selecting  the  area  to  be  sprayed  on  the 
hash  of  survey  information  obtained  from  various  malaria  survey  unite, 
scheduling  the  flights,  briefing  the  pilot  and  navigator  as  to  the  limits  of  the 
an*  to  be  covered,  and  coordinating  with  the  Island  Command  Artillery  con¬ 
trol  oflker.  The  laet  precaution  was  necessary  to  assure  that  gun  batteries 
would  post  a  lookout  for  the  low-flying  plane  during  the  1  tours  when  flights 
wen  scheduled.  The  engineer  was  responsible  for  mixing  the  necessary 
quantity  of  DDT  solution  and  for  loading  the  plane  at  Yontan  airfield,  when  u 
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hnrdstund  luul  keen  constructed  for  flint  |>iii-|misc.  The  ellicieut.  i>|H‘.r>iti<>n  of 
tin*  uiqiluae  spraying  program  during  t lie  eiirly  |»irt  of  the  campaign  was 
largely  due  to  tlie  efforts  of  ('upturn  Harrison  and  his  crew,  who  were  akle  to 
reduce  the  loading  time  to  a  few  minutes,  thus  saving  valuable  Hying  time 
during  daylight  hoars. 


Malaria  Control  Battalion 

Karl.v  in  the  Okinawa  eainiMiigii,  tlie  personnel  concerned  with  the  survey 
and  control  as|ieets  of  tlie  preventive  medicine  program  established  a  head¬ 
quarters  near  Knteiia  airfield,  some  :5  miles  removed  from  Island  ('oninmud 
Headquarters.  As  the  number  of  malaria  survey  and  control  detachments 
engaged  in  work  on  the  island  grew,  it  became  apparent,  that  tliere  was  needed 
some  adequately  organized  and  stuffed  lieadquarters  that  could  coordinate  tlie 
work  of  tlie  various  units,  handle  supply  matters  pertaining  to  tlieir  activities, 
and  ceutndise  (lie  administrative  functions.  As  a  result,  shortly  after  the 
island  was  declared  secure,  a  malaria  control  battalion  was  activated. 

Other  Military  Agencies  Engaged  in  Preventive  Medicine 

A  highly  significant  undertaking  in  connection  with  tlie  development  of  the 
preventive  medicine  program  r  <  Okinawa  was  the  inclusion  of  a  team  of  med¬ 
ical  specialists,  including  both  >  (Seers  and  enlisted  personnel,  of  XAMRIT  No. 
2,  each  man  competent  in  a  special  field  of  disease  investigation.  The  objec¬ 
tives  of  this  team  were  to  find  out  early  and  conclusively  the  potential  danger 
to  troops  of  scrub  typhus,  schistosomiasis,  malaria,  filariaais,  and  enteric 
diseases.  Within  a  few  weeks,  it  was  shown  that  scrub  typhus  and  schistoso¬ 
miasis  constituted  no  hazard  and  that  no  troop  protective  measures  would  be 
needed.  Here  it  may  be  noted  that  enthusiastic  but  unqualified  workers  had 
claimed  the  presence  on  the  island  of  a  mite  vector  of  scrub  typhus  and  a  snail 
host  of  schistosomiasis;  both  claims  had  been  made  as  a  result  of  incorrect 
diagnosis  of  the  qncinMw  and  were  refitted  by  XAMRIT  No.  2  investigators. 
The  same  group,  cooperating  with  other  personnel,  particularly  of  Army  and 
Navy  survey  an  its,  helped  to  delineate  the  status  of  the  malaria  and  fHariasis 
problems  and  their  potential  hazard. 

When  the  Japanese  B  encephalitis  outbreak  occurred,  XAMRU  No.  2 
specialists  were  on  bead  with  laboratory  personnel  and  equipment  to  aid  in 
study  epidemiology,  etiology,  and  transmission.  Within  S  weeks  of  the 
initial  landings,  XAMRIT  No.  2  personnel,  with  the  assistance  of  the  Island 
Command  entomologist,  had  prepared  and  reproduced  an  illustrated  synoptic 
key  to  the  common  mosquitoes  found  on  the  island.  The  great  value  to  the 
preventive  medicine  program  of  having  fully  competent  experts  available 
during  the  early  stages  of  occupation  of  unknown  territory  cannot  be  too 
strongly  stressed.  The  savings  effected  through  discontinuance  of  protective 
measures  against  scrub  typhus  and  schistosomiasis  were  enormous. 
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Engineering  work  specifically  aimed  at  iimlii riiv  control  was  of  minor 
significance  during  active  operations  against  the  enemy.  Two  naval  construc¬ 
tion  battalions  assigned  groups  of  50  persons  to  each  of  the  two  Murine  divi¬ 
sions,  to  provide  labor  for  sanitary  work,  and  the  Army  Corj>s  of  Engineers 
assigned  details  to  bulldoze  over  and  clean  up  large  areas  devastated  by  combat. 
These  details  rendered  valuable  service  in  geiteml  sanitation  and  reduction  of 
fly  breeding  by  establishing  sanitary  garbage-dis|Mjsnl  facilities  nnd  cleaning 
up  fly-breeding  areas  in  destroyed  towns. 

ANTIMALARIA  ACTIVITIES 
Training,  Information,  and  Propaganda 

These  activities  were  similar  to  those  previously  descrilied  (p.  451),  but 
they  adapted  to  tlie  problems  peculiar  to  tlie  Ryukyu  Islands.  Training  di¬ 
rectives  were  written  (in  advance  of  occupation)  which  included  information 
about  schistosomiasis.  .Japnwnc  B  encephalitis,  and  scrub  typhus  in  addition 
to  tlie  usual  sections  about  malaria,  dengue,  and  filariasis. 

The  monthly  meetings  of  officers  from  all  preventive  medicine  units  on  tlie 
island  have  already  been  noted.  In  addition,  a  monthly  medical  bulletin,  en¬ 
titled  “Malaria  and  Epidemic  Disease  Situation,  Okinawa,'’  was  mimeographed 
and  distributed  to  all  preventive  medicine  units,  Army,  Navy,  and  Marine. 
This  bulletin  was  made  as  complete  as  possible  and  presented  details  of  the 
work  conducted  by  all  units,  observations  on  new  disease  problems  as  these 
arose,  and  explanatory  notes  on  new  technical  developments. 

Survey  Activities 

Initial  surveys  in  the  south  central  portion  of  the  island  made  early  in 
April  established  the  fact  that,  while  there  was  a  high  larval  population  of 
A.  ataeasaf,  most  of  the  population  consisted  of  early  instars.  Cool  weather 
daring  much  of  April  prevented  any  considerable  emergence  of  adults  before 
airplane  spraying  was  initiated,  and  once  this  control  measure  was  in  operation 
the  intensive  surveys  so  necessary  for  satisfactory  control  in  the  islands  of 
the  South  Pacific  proved  unnecessary  for  the  control  of  AnopAeht  in  most 
anus.  As  a  result,  prunary  survey  attention  was  then  directed  toward  elimina¬ 
tion  of  mosquito  breeding  in  artificial  containers,  determination  of  the  in- 
ckbuce  of  different  species  of  fleas,  and  detection  of  fly  breeding.  The  survey 
program  was  organised  on  an  area  basis,  each  survey  unit,  bath  Army  and 
Navy,  having  a  definitely  delimited  area  of  responsibility.  Since  mosquito 
development  daring  the  early  part  of  the  season  eras  slow,  survey  coverage 
and  reports  were  initially  established  on  a  biweekly  schedule.  Special  surveys 
of  port  areas  were  made  for  the  detection  of  possible  dengue  fever  vectors. 
The  overall  operation  of  the  survey  program  was  essentially  the  same  as  that 
reported  far  the  South  Pacific  Area. 
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Antimosquito  Operations 

Aiitiinosquilo  o|»emt  ions  wen1  liegini  wit  li  (lie  opening  of  the  can>|>aigii  and 
continued  until  the  advent  of  cold  weather  in  the  fall. 

Antilarvol  operations 

Antilarvnl  work  was  the  most  important  of  the  mosquito  control  activities. 
Every  unit  of  coni|mny  size  liad  its  antilarval  detail,  equip|>ed  with  knapsack 
sprayers  and  supplied  witli  f»  percent  DDT  in  diesel  oil  from  the  central  mix¬ 
ing  station  at  Yontnn  airfield,  to  be  descrilied  Inter.  The  mixing  station 
prepared  lnrvicidal  solution  for  all  Army,  Navy,  and  Marine  units  on  the 
island. 

Personnel  from  the  malaria  survey  detachments  made  ]ierio<lic  surveys  of 
the  areas  under  their  jurisdiction  and  when  necessary  indicated  to  unit  spraying 
details  tlie  areas  which  were  not  being  covered  proj>erly. 

Airplane  spraying  was  done  with  C-47  planes  equipped  with  two  fiOO- 
galkm  tanks  in  the  cargo  compartment.  These  tanks  discharged  through 
a  1-inch  pipe  which  projected  a  short  distance  below  the  belly  of  the  plane. 
The  oil  flowed  out  of  the  tanks  by  gravity  and  was  broken  up  into  droplets 
by  the  air  current. 

Airplane  spraying  began  on  the  first  day  of  invasion  (table  72).  As 
the  occupied  area  of  the  island  expanded,  the  area  covered  by  airplane  spray¬ 
ing  followed  closely.  So  closely  did  it  follow,  in  fact,  that  on  more  than  one 
occasion  it  was  discovered  that  the  spraying  was  being  done  over  enemy -held 
territory.  Airplane  spraying  undoubtedly  was  instrumental  in  practically 
eradicating  anopheline  breeding  from  the  southern  part  of  Okinawa,  where 
the  terrain  was  in  general  low,  and  application  of  lanricide  could  be  efllciently 
carried  out.  It  ia  doubtful  whether  ground  control  measures  would  have  been 
necessary  at  all  in  this  part  of  the  island.  However,  on  northern  Okinawa, 
the  situation  was  different  The  region  was  mountainous,  with  narrow  deep 
valley*,  terraced  from  bottom  to  top,  with  riceflelds  along  the  entire  length. 
The  planes  hud  to  fly  high  of  necessity,  and,  with  a  work  schedule  necessitating 
flying  graying  missions  all  day  long;  it  was  not  possible  to  select  hours  of 
correct  atmospheric  conditions  for  spraying.  Consequently,  plane  spraying 
was  not  adequate  to  cope  with  this  situation.  Ground  control  would  have 
been  possible,  although  diSeult,  since  snipers  infesting  the  valleys  greatly 
hindered  such  work.  The  rank  was  considerable  production  of  anopheliaes 
and  culkines  throughout  the  season,  and  epidemics  of  malaria  and  Japanese 
B  encephalitis  occurred  in  northern  Okinawa. 

The  rate  of  use  of  DDT,  dissolving,  for  airplane  spraying  and  ground 
spraying  was  nearly  1  ton  per  day,  and  it  was  often  necessary  to  mix  from 
IfittO  to  8/)00  gallons  of  5  percent  DDT  in  diesel  oil  daily. 

The  mixing  of  such  large  amounts  of  DDT  in  diesel  oil  presented  problems 
from  the  beginning,  and,  in  the  earlier  days,  it  was  a  constant  struggle  to 


transport  drums  of  diesel  oil  to  tiie  mixing  station,  keep  udeqnnte  stocks  of 
DDT  on  hand,  nml  mix  the  solution  in  the  individual  drums.  Mixing  "us 
simplified  by  the  use  of  a  compressed  uir  pump.  A  pipe  with  a  series  of  holes 
drilled  in  it  was  inserted  in  tl>e  drum,  and  the  airldast  turned  on,  giving  more 
rapid  and  better  mixing  than  if  done  l\v  Imnd;  however,  expanding  operations 
required  a  much  larger  installation.  C*|>tain  Harrison  designed  a  large- 
scale  mixing  plant,  olrtsiued  materials  from  many  sources,  and  tlien  set  up 
and  maintained  a  most  successful  operation.  Two  1,100-gallon  pontoon  tanks 
were  installed  on  a  platform  H  feet  high.  Two  750-gallon  tank  trucks  and 
a  2^-ton  truck,  fitted  with  a  1,100-gallon  pontoon  tank  were  used  to  transport 
oil  to  the  mixing  station.  This  oil  was  pumped  up  to  tlte  pontoon  tanks,  where 
the  DDT  was  mixed  in,  and  stirred  by  an  airhlast  from  a  compressed  air 
pump.  The  mixed  material  was  dispensed  by  gravity  flow.  One  line  went 
directly  to  the  hardstand  area,  where  the  plane  tanks  could  he  filled  directly. 


Tam.k  72. — AirpluHf  iprayiaf  adinlitt,  Ok imim,  May- July  1944 
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A  novel  procedure  was  used  to  help  dissolve  the  DDT  in  diesel  oil.  Large 
quant  it  ice  of  DMT  had  been  brought  to  Okinawa  in  gallon  cans,  in  anticipa¬ 
tion  of  a  scrub  typhus  problem  which  did  not  materialiae.  It  was  found  that 
DDT  dissolved  readily  in  dimethyl  phthalate.  Enough  dimethyl  phthalate 
was  added  to  the  charge  of  DDT  for  mixing  with  1,000  gallons  of  oil  to  convert 
it  to  a  sludgy  liquid.  This  was  tlien  poured  into  tlte  diesel  oil,  the  airldast  was 
turned  on,  and  complete  mixing  took  place  within  a  few  minutes. 

Extemsvu  filling  and  hand  ditching  wen  earned  out  aa  circumstances 
dictated,  and  with  little  use  of  heavy  machinery.  Apart  from  malaria  control, 
eatonstve  operations,  including  the  nee  of  heavy  machinery,  particularly  bull- 
doners,  were  carried  out  to  clean  up  the  debris  of  comlwt  from  areas  to  he 

Amtmimlt  operations 

Antiadult  meaanrm  were  employed  initially  and  continuously.  Spaco 
•praying  with  a  kerosene- pyrethrum  spray  was  carried  out  routinely  in  hos¬ 
pitals,  memhalla,  and  similar  structures.  Aerosol  bombs  were  also  used. 
Experimental  trials  were  made  of  the  Hochberg-LaMer  smoke  generators  and 
of  generators  developed  from  chemical  warfare  smoke  generators. 
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Special  squads  from  the  nuihirin  survey  detachments  attached  to  the  com¬ 
bat  divisions  carried  out  the  hazardous  work  of  spraying  all  cares  and  shelters 
immediately  after  occupation  of  enemy  territory  by  17.S.  troops.  Some  ex¬ 
tensive  caves  were  sealed  ot!  by  dynamiting  the  entrances  to  close  them. 

Besidual  spraying  of  native  dwellings  with  DDT  and  diesel  oil  was  planned 
before  the  cam]Niign  began.  No  data  are  available  on  the  number  of  native 
dwellings  treated  with  residual  spray  in  April  1M5.  Approximately  5,700 
such  dwellings  were  sprayed  in  May:  J.’l,.T0(l  in  June:  and  15,100  in  July. 
No  data  are  available  for  August  or  September,  but  it  is  known  that  more 
native  dwellings  were  sprayed  during  these  months  than  during  the  month 
of  June.  It  is  iiiqNirtant  to  note  that  the  repeated  spraying  of  all  the  dwellings 
in  the  areas  of  native  concentration  in  northern  Okinawa  did  not  prevent  the 
malaria  epidemic  which  has  been  described.  This  epidemic  progressed  de¬ 
spite  airplane  and  ground  application  of  larvioides  and  residual  spraying  of 
houses.  Two  conclusions  are  inescapable:  (1)  The  antilarval  measures  used 
oil  northern  Okinawa  were  insufficient  to  handle  the  mosquito  breeding  prob¬ 
lem,  ami  (g)  the  habits  of  .1.  atMemr/a  adults  are  not  such  as  to  make  malaria 
transmission  by  the  species  easily  controllable  by  DDT  residual  applications 
inside  dwellings. 

Additional  measures  of  malaria  control  included  tlie  use  of  mosquito  nets 
as  soon  as  the  tact ical  situation  permitted.  The  unit  malaria  control  officers 
were  responsible  for  tlie  enforcement  of  this  measure.  As  more  permanent 
camp  areas  developed,  quarters  were  screened  and  mosquitoproofed. 

Insect  rejiellents  were  provided  iu  large  quantities.  The  mosquito  con¬ 
centrations  were  low  in  tlie  areas  of  largest  troop  concentrations,  and  demand 
for  repellents  was  correspondingly  small.  One  of  the  minor  problems  of  the 
Quartermaster  was  what  to  do  with  the  huge  piles  of  cases  of  repellents  on 
hand  and  those  continually  arriving. 

Drug  Suppression 

At  the  time  of  the  invasion,  all  the  units  coming  to  Okinawa  had  been 
on  suppressive  Atabrine  regimen,  for  at  least  10  days  before  arrival.  The 
regimen  was  the  established  one  of  0.1  gm.  daily.  The  responsibility  foe 
maintaining  malaria  discipline  within  the  units  rested  with  the  unit  malaria 
control  oBoer,  who  was  advised  and  supervised  in  turn  by  the  personnel  of 
the  preventive  medicine  unit  in  his  area. 

It  was  soon  evident  that  malaria  was  not  going  to  constitute  a  serious 
problem  in  the  anas  of  heavy  troop  concentration,  and  it  was  therefore  felt  that 
suppressive  Atabrine  administration  was  unnecessary.  By  the  end  of  Juno 
1945,  not  a  single  new  case  of  malaria  had  been  seen  in  unseeded  units.  The 
outbreak  in  northern  Okinawa  had  not  yet  begun.  In  June,  it  was  recom¬ 
mended  that  all  troops,  with  the  possible  exception  of  some  heavily  seeded  air 
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force  units,  be  taken  off  suppressive  Atabrine  therapy,  and  this  wns  accom¬ 
plished  by  the  end  of  August.  Tliere  was  no  increase  in  reported  malaria,  either 
relapses  or  new  cases,  ns  a  result  of  this,  except  for  the  troop  cases  which  oc¬ 
curred  in  units  stationed  near  natives  in  northern  Okinawa,  as  noted 
previously  (p.483). 

OTHER  ACTIVITIES  OF  THE  ANTIMALARIA  ORGANIZATION 

Because  there  was  no  significant  malaria  hazard  in  the  southern  part  of 
Okinawa,  the  efforts  of  lltc  preventive  medicine  |iersonnel  .it  tad  ted  to  tlic 
troops  were  diverted  to  other  a»|>ects  of  sanitation,  including  fly  control,  the 
delousing  of  natives  and  prisoners  of  war,  and  the  investigation  of  other  para¬ 
sitic  disease  problems  among  the  natives. 

Fly  Control 

It  soon  became  evident  that  flyhome  diseases  const  it  uteri  a  more  serious 
hazaid  to  the  liealth  of  troops  than  did  niosquitohome  diseases,  By  late  April, 
most  pit  latrines  allowed  considerable  fly  I  weed  mg,  and  this  was  supplemented 
by  the  inevitable  unauthorized  garbage  dumps  and  improperly  disposed  fecal 
matter  of  the  civil  population.  DDT  in  oil  proved  unsatisfactory  for  con¬ 
trol  of  flies  in  latrines  or  in  bodies.  Experiments  with  xylene  emulsion  DDT 
showed  that  it  would  satisfactorily  control  flies  in  pit  latrines,  but  the  supply 
was  limited.  Furthermore,  the  use  of  xylene  emulsion  constituted  a  distinct 
hazard  because  of  tike  volatility  of  tlie  xylene,  and,  after  one  tightly  constructed 
pit  latrine  was  blown  up  by  a  flash  explosion  initiated  by  a  discarded  cigarette, 
no  further  consideration  was  given  to  tlie  routine  use  of  DDT  emulsion  for  fly 
control.  The  problem  was  solved  by  the  use  of  sodium  arsenite,  both  for 
latrines  and  fly-infested  bodies.”  Because  of  the  danger  involved  in  the  use  of 
this  poison,  it  was  deemed  advisable  to  control  its  issue  and  use.  Accordingly, 
all  sodium  arsenite  was  mixed  at  the  malaria  control  headquarters  and  issued  to 
units,  along  with  precautions  as  to  its  use. 

Large  fly  populations  developed  on  a  few  occasions  in  small  areas, especially 
where  combat  had  been  severe  and  where  large  numbers  of  larvae  were  de¬ 
veloping  in  unburied  bodies.  Airplane  application  of  DDT  destroyed  the 
adult  Him  rapidly,  and  concurrent  larvicidal  work  of  ground  crews  prevented 
further  breeding. 


Epidemiologic  Investigations 

Fifauink — Filariasis  ( IF.  bmcrofti)  is  an  endemic  disease  of  greet  preva¬ 
lence  among  the  Okinawans.  Although  elephantiasis  was  rarely  seen,  the  per- 
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centnge  of  native  hurlmring  filnriu  on  night  counts  was  high.  Wood  exutniim- 
tions  made  at  night  during  A|>ril  and  May  oil  about  1.000  Okinawans  showed 
20  percent  positive  smears. 

Dissections  of  mosquitoes  were  made  in  order  to  determine  the  vector  or 
vectors  of  tiiariasis.  Of  211  Culex  quintj ue faxcioitt*  mosquitoes  captured  in  a 
hospital  ward  for  native  Okinawans,  where  every  patient  Imd  circulating  micro¬ 
filariae,  an  infection  rate  of  5.4  percent  was  found.  Of  .’>7  captured  at  a  distance 
(unspecified)  from  native  camps,  none  was  infected. 

Simpson  ■'*  found  4  of  49  female  A.  tine  mis  and  14  of  180  female  V.  quinqtte- 
faschius  infected  with  filarial  larvae  and  suggested  that  .1.  sinensis  may  be  a 
possible  vector  of  tiiariasis  on  Okinawa  and  neighboring  islands. 

Tlie  danger  of  transmission  of  tiiariasis  to  tnsqts  was  localised  to  the  areas 
in  northern  Okinawa  where  natives  were  concentrated  and  wliere  troop  strength 
was  relatively  low  and  well  separated  from  natives,  except  for  the  AMG  units 
working  directly  in  tlie  native  camps, 

DtafMllkt  die  rose. — In  late  April  and  May,  tiiere  were  several  thousand 
cases  of  illness,  particularly  among  comliat  troops,  characterized  hy  an  initial 
high  temperature,  often  preceded  by  a  chill,  and  leukopenia.  Fever  usually 
lasted  3  or  4  days,  only  occasionally  with  a  secondary  rise.  Aching  of  back, 
joints,  muscles,  and  eyehalls  was  a  prominent  feature  of  the  illness.  Sympto¬ 
matology  and  course  was  not  unlike  that  seen  in  atypical  dengue,  hut,  in  hun¬ 
dreds  of  cases,  no  rashes  were  observed.  Aedes  aeyypti  and  AeJes  tilbop’icht* 
were  encountered  rarely.  Lacking  characteristic  features  of  dengue,  and  lack¬ 
ing  the  known  insect  vectors  of  dengue  in  numbers  sufficient  to  maintain  an 
epidemic  of  this  sise,  it  was  concluded  that  the  illness  observed  was  not  dengue. 
It  was  officially  recorded  as  “denguelike  disease’’  on  the  medical  records. 

Japoneee  B  mwpfcalHk  Japanese  B  encephalitis  appeared  on  northern 
Okinawa  and  the  snail  offshore  islands  of  Heanxa  Shims  and  Hamahika  in 
early  July.  A  total  of  38  cases  with  two  deaths  was  reported  among  ILS. 
troops.  At  the  same  time,  there  were  in  all  127  cases  reported  among  natives, 
with  a  fatality  rate  of  28.6  percent  among  the  91  case*  on  Okinawa,  and  Mi 
percent  among  the  36  cases  on  the  two  island*.  Only  a  few  cases  were  confirmed 
by  laboratory  diagnosis.  The  outbreak  ended  in  late  September.  The  efforts 
of  preventive  medicine  personnel  were  at  once  directed  toward  limiting  the  ex¬ 
tent  of  this  epidemic  as  much  as  possible.  Nothing  was  known  of  its  transmis¬ 
sion,  except  that  a  mosquito  vector  was  suspected.  Mosquito  control  activities 
on  northern  Okinawa,  including  “saturation’’  plane  spraying  of  all  native 
camps,  reepraying  of  native  dwellings  with  residual  DDT,  and  ground  con¬ 
trol  work,  were  greatly  intensified,  malaria  control  personnel  being  moved  north 
from  southern  parts  of  the  island,  and  plane  spraying  schedules  being  modified 

■  Uaret,  T.  W. :  k  KM*  w  nbriMb  iam  tha  Katins  st  Ohlaawa,  With  Vartfcaiar  ithwta 
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to  give  imms  Attention  to  the  north.  Vaccination  of  nil  military  personnel  on 
northern  Okinawa  xvns  carried  out,  nsinjr  a  mouse  hniin  vaccine  previously 
untried  on  humans.  There  was  no  evidence  to  indicate  t lint  the  outhreak  was 
affected  in  any  way  hy  tlie  preventive  activities  carried  out.  nor  on  tlie  other 
hand  was  there  any  evidence  to  contradict  t Ik*  viewjMtim  that  it  ini^ht  Imveliecn 
lunch  worse  Imd  such  measures  not  lieeu  taken.  Salmi 31  reported  a  det ailed  ac¬ 
count  of  the  outhreak  of  Japanese  It  encephalitis  on  Okinawa. 


"Rabin,  A.  It. :  Kplilemlc  Encrplullllpi  in  Mimarr  IVrxonntt :  laolatlon  of  Japan****  B  Vlrim  on 
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CHAPTER  IX 


Malaria  and  the  Defense  of  Bataan 

Maj.  Gen.  James  0.  Gillespie,  MC,  LSA  (Ret.) 

The  surrender  of  tlie  Filipino- American  Forces  at  Bataan  occurred,  after 
4  months  of  defensive  operations,  on  it  April  1!>42.  Defeat  was  inevitable 
because  of  tlie  limited  resources  in  nten  and  materiel  and  inability  to  replenish 
them,  but  malaria  and  lack  of  food  also  played  a  significant  role  in  the  tragedy.1 
Tlie  will  to  fight  was  weakened  and  this  hastened  defeat.  Com  plica  I  ions  of 
disease  led  to  appalling  death  rates  in  prison  cant]*. 

A  brief  review  of  tlie  epidemiology  of  malaria,  problems  of  malaria  con¬ 
trol,  medical  war  planning,  and  military  operations  may  enable  one  to  appre¬ 
ciate  the  devastating  effects  of  disease  and  malnutrition  on  UJS.  Forces,  the 
enemy,  civilian  refugees,  and  Japanese-held  prisoners  of  war  dnring  the 
long  years  of  captivity. 

EPIDEMIOLOGY  OF  MALARIA 

The  mountainous  terrain  and  climate  of  Bataan  provide  ideal  conditions 
for  the  propagation  of  the  vector  of  malaria.1  From  the  two  chief  mountain 
masses  on  Bataan,  numerous  streams  course  in  all  directions  toward  Manila 
Bay  and  the  China  Sea.  Tlie  transition  from  the  higher  altitudes  to  the  flat 
and  narrow  coastal  plain  through  the  foothills  insures  a  rapid  flow  of  water 
in  the  streams.  The  rainfall  is  suflkiently  adequate  to  maintain  a  large  number 
of  permanent  streams  through  the  dry  season,  which  extends  from  November 
through  May.  These  provide  adequate  breeding  grounds  and  support  pro¬ 
tective  vegetation  in  which  adult  mosquitoes  survive  throughout  tlie  dry  season. 

The  chief  vector  of  malaria  in  the  Philippines  is  Anopheles  minima* 
(brnradm'  This  mosquito  breeds  most  readily  in  the  protected  areas  of 
rapidly  flowing  riven,  streams,  and  irrigation  ditches,  preferring  shady  places 
and  clear,  fresh  water.  Breeding  doee  not  normally  occur  in  salt  water,  rice 
paddies,  or  in  water  shore  £000  feet  altitude.  Thus,  malaria  in  Bataan,  as 
throughout  the  Philippines,  is  a  disease  contracted  in  the  foothills,  especially 
between  the  flat  coastal  plain  and  the  higher  ground  below  2J)00  feet  altitude. 
Seasonal  variations  in  the  incidence  of  malaria  are  related  to  the  effects  of  the 


1  BnkU.  r. :  Tw*i  aa  Bataaa  BoataS  hy  Malaria.  S»w  Tok  Than.  IS  Apr.  IMS.  p.  J 
*  BaaarlL  P.  F  :  (pMtaMujr  at  Malaria  la  tha  FSBIpplaia.  la.  J  M.  Haalth  M :  1-T,  Jaaaair 
ISM. 
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drying  of  Hie  small  tributaries  of  siiva ms  nml  irrigation  canals  ami  to  t  lie  flush¬ 
ing  of  the  breeding  grounds  during  the  heaviest  rainfall.  Thus.  Hainan  con¬ 
stituted  a  |Miteiit  hazard  for  itinlariiil  infection  during  the  season  when  mili¬ 
tary  «»|>ernl  ions  were  feasible. 

PRE-WORLD  WAR  II  MALARIA  CONTROL  MEASURES 

lie  fore  World  War  II,  malaria  control  measures  in  linlnnu  laid  not  lieen 
impressive,  although  surveys  had  identified  (lie  vector  and  determined  llie  inci¬ 
dence  of  niulnrin  in  the  native |M»|>n1at ion. 

In  ltKMl,  lleadqnnrters,  I’.S.  Army.  Philippines.  authorized  malaria  re- 
conunissniice  throughout  t lie  Islands  to  determine  the  location  of  maneuver 
areas  of  relative  safely  from  malarial  infection.  Holt  nml  Hassell  carrieil  out 
a  miller  complete  survey  of  Hntnau  during  19:tt>  nml  1931  nml  incliideil  Cor- 
reghlor  in  tlieir  oliservnt ions.'1  Tliev  collected  tnosi|uilo  larvae,  ninde  blood 
film  examinations  for  malaria  plnsmodin.  and  detenuiued  splenic  indices. 
Corregidor  was  found  to  lie  relatively  free  of  innlnria.  lint  lliilnnn  was  found 
to  harlior  a  large  reservoir  of  disease.  Splenic  indices  varied  from  3  |iercent 
in  t lie  villages  of  tlie  flat  east  coastal  plain  of  Hainan  to  over  .Vti  |iercenl  in 
the  populated  areas  of  tlie  foothills  in  tlie  vicinity  of  Linuiy,  lonnno.  ('ala-alien, 
Mariveles,  Sisinian.  and  Bagac. 

After  193(1,  tlie  Malaria  (’out  ml  Division,  Philippine  Health  .Service,  had 
carrieil  on  demonstration*  and  local  control  programs  thrmighimt  the  Pliilip- 
pines  including  Hainan  Province/'  Tlie  excessive  cost  of  this  program  liail 
imposed  an  insoluble  problem,  and  only  moilerate  progress  had  been  made  in 
tlie  eradication  of  breeding  areas.  Militant’  maneuvers  involving  small  forces 
had  been  carried  out  in  Bataan  during  the  dry  icimhi  for  many  years.  The 
contracting  of  malaria  had  been  an  annually  recurring  plienomraon  of  varying 
magnitude.  In  1940,  the  surgeon  of  the  Philippine  Division  reported  an 
appreciable  lessening  of  the  incidence  of  malaria  in  troops  engaged  in  maneu¬ 
vers  in  Bataan.*  He  attributed  this  to  proper  use  of  mosquito  bars  and  to  a 
more  careful  selection  of  campsites.  He  emphasised  the  importance  of  locating 
sites,  preferably  on  the  beaches,  in  the  coastal  swamplands,  or  in  rice  paddiew. 
and  of  avoiding  the  higher  ground  in  tlie  vicinity  of  rapidly  (lowing  streams. 
Quinine  prophylaxis  was  continued  for  14  days  after  termination  of  the  maneu¬ 
ver.  The  Philippine  Division  surgeon  believed  that  it  was  impracticable  to 
eradicate  all  of  the  potential  breeding  anas.  Virtually  no  ant  imosqnito  con¬ 
trol  measures  were  carried  oat  by  the  Army  in  Bataan  at  anytime. 

•Halt,  I.  I*,  nal  Ewwfl,  P.  F. :  Malaria  aW  Am^Mm  K^cmmImir  to  tte  FlilHpplif . 
nntpptae  J.  Hfkaw  49:  1M-I71.  Katwlef  19*2. 
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MEDICAL  WAR  PLANNING 

Tlie  developers  of  War  Plan  Orange--'!  for  (lie  defense  of  Luzon  envisioned 
an  attack  on  the  Philippines  by  a  sn|>erior  enemy  force,  wit lulrn will  of  T'.S. 
Forces  from  central  Luzon,  fall  of  Manila,  trad  delaying  defensive  action  in 
Batnan  to  protect  the  key  defenses  of  Corregidor  until  the  arrival  of  naval 
reinforcements  front  the  T'nited  States.  The  plan  culled  for  a  force  <if  -liMHS) 
men  for  the  defense  of  Batumi  and  tlie  removal  of  the  civilian  |>o]iiilution  upon 
outbreak  of  war. 

Prewar  implementation  of  this  plan  in  Biitaim  was  meager  indeed.  This 
was  due  in  part  to  tlie  provisions  of  the  Xntioinil  Defense  Act  |nissed  by  tlie 
Philippine  National  Assembly  in  1035,  wlticlt  authorized  the  formation  of  a 
400,000-nian  Filipino  Army  to  assume  the  nespmmibility  for  defense  in  HM-ll 
when  Philippine  independence  was  to  he  achieved.  Prewar  preparation  on 
Bataan  included  the  storage  of  ammunition,  fuel  oils,  and  a  limited  quantity 
of  canned  food.7  Potential  defense  lines  had  been  agreed  iqxtn,  but  mi  fortifi¬ 
cations  had  been  built.  Reliance  for  tlie  control  of  malaria  was  vested  in  qui¬ 
nine  prophylaxis  rather  than  on  an  antinumquito  control  program.  This  was 
considered  tlie  only  feasible  procedure  in  view  of  tlie  size  of  tlie  peninsula, 
which  measured  25  miles  by  18  miles,  most  of  which  was  favorable  to  tlie 
breeding  of  malarial  mosquitoes. 

In  May  1941,  the  Philippine  Department  surgeon  appointed  a  Itoard  of 
officers  at  Sternbeig  General  Hospital,  Manila,  to  prepare  estimates  of  the 
quantities  of  antimalarial  drugs  needed,  baaed  upon  tlie  April  revision  of  War 
Plan  Orange-3.  Pol.  Rufus  L  Holt,  MC,  the  president  of  the  hoard,  had  had 
extensive  experience  studying  the  incidence  of  malaria  throughout  tlie  Philip¬ 
pine  Islands.  Guided  by  his  advice,  estimates  were  prepared  and  submitted  at 
a  level  100  percent  above  anticipated  requirements. 

Gen.  Douglas  Mac  Arthur,  in  July  1941,  expounded  a  more  aggressive 
concept  for  the  defense  of  the  Philippines.  One  aspect  of  this  concept  was  to 
defeat  the  enemy  at  the  benches  rather  than  merely  delay  them  to  permit  the 
withdrawal  of  troops  to  Bataan.  Revision  of  medical  plan*  during  1941  in- 
r laded  requirements  for  the  expansion  of  all  Regular  Army  hospitals  and 
plana  for  the  construction  of  10  station  hospitals  for  the  10  Philippine  Army 
diviaiona,  the  relocation  of  the  Philippine  Department  Medical  Supply  Depot 
from  the  poet  area  in  Manila  to  a  less  vulnerable  spot  at  Qaeaon  City,  aad  the 
eonatrurtion  of  medical  subdepots  at  Tartar,  Loa  Baiaa,  and  Calm.  On  the 
hasia  of  these  consideration*,  requisitions  were  made  to  The  Surgeon  General 
for  drugs,  medical  supplies,  end  aid  station  and  hospital  equipment.  Daring 
the  foil  of  1M1,  moderate  quantities  of  medical  supplies  and  the  equipment 
of  two  general  hospitals  and  live  station  hospitals  were  received.  One  general 
hospital  was  stored  at  a  battalion  post  which  had  been  constructed  at  Limay 
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to  house  the  t  roops  guarding  military  stores  on  Hntuan.  This  itiihi  nu  t  ion 
was  planned  so  that  the  utilities  would  lie  suitable  fur  oiierming  rooms, 
laboratories,  wards,  and  storage  areas,  Before  the  outbreak  of  war,  a  tentative 
site  was  selected  in  the  Real  River  Valley  at.  kilometer  |M»int  1U2.5,  near 
Caliealien,  for  the  location  of  an  additional  general  hospital.  Plans  were  also 
formulated  for  the  development  of  a  medical  center  in  Manila  of  approximately 
:j,0<)0  beds  as  stahilize«l  warfare  was  mtt w-ijmt eal.' 

MILITARY  OPERATIONS 

There  were  78,000  military  and  6,000  civilian  employees  available  in  Luzon 
for  defense  wlien  war  Itegnu  on  8  December  ll>41 ;  a  force  more  than  twice  as 
large  as  provided  for  by  War  Plan  Orange-5.  Also,  tltere  were  approximately 
25,000  civilians  in  Itatunu  whose  feeding  and  ntediral  care  ltecame  the  res|inn- 
sibility  of  tlie  military. 

Tlie  defense  forces  in  Taizmi  consisted  of  tlie  Philippine  Division  (com¬ 
posed  chiefly  of  Philippine  Scouts),  a  1  \S.  Army  unit,  nine  partially  mobilised 
Philippine  Army  Divisions,  and  miscellaneous  TT.S.  Army  troops.  Tlie  Philip¬ 
pine  Army  Divisions  varied  from  4,000  to  6,000  men  each  and  wen*  organized 
into  tlie  North  Luzon  Force  and  the  South  Luzon  Force  with  tin*  mission  of 
defeating  tlie  enemy  at  the  beaches.  The  Philippine  Division  was  immediately 
ordered  into  reserve  in  Bataan,  and  the  Luzon  Forces  were  moved  forward 
to  previously  chosen  sectors.  The  Japaneses  Forces,  supported  by  an  over¬ 
whelming  air  force,  succeeded  in  driving  the  Filipino- American  Forces  hack 
from  the  beaches  and  prevented  them  from  establishing  any  suercssfnl  de¬ 
fense  positions  in  central  Luzon.  By  late  December  1941,  both  of  the  Luzon 
Forces  had  been  forced  to  withdraw  from  southern  and  central  Luzon  and 
were  entering  Bataan  preceded  by  several  thousand  civilians.*  During  this 
phase  of  military  operations,  the  effects  of  malaria  on  the  troops  were  negligible. 

On  8  December  1941,  the  Philippine  Department  surgeon  instructed  the 
medical  supply  oCcer  of  the  Philippine  Department  to  purchase  all  arailabls 
antimalarial  drugs,  hospiral  supplies,  and  equipment  which  could  be  procured 
in  Manila,  and  a  similar  program  was  begun  at  Cebu.  The  amounts  procured 
proved  to  be  a  valuable  supplement  to  the  limited  stocks  on  band.  Remarkable 
program  was  made  in  the  establishment  of  a  hospital  canter  in  Manila,  but,  in 
view  of  the  rapid  withdrawal  of  the  Filipino- American  Forces,  War  Flan 
Orange-5  was  placed  in  effect  on  22  December  1941,  and  it  became  an  urgent 
necessity  to  transfer  all  available  medical  reeomeea  to  Bataan.  On  22  Proem 
her,  a  medical  cadre  was  transferred  to  Limay  to  establish  General  Hospital 
Number  1.  On  25  December,  a  similar  cadre  was  transferred  to  kihuneter 
point  1<&5,  near  Cabcaben,  to  establish  General  Hospital  Number  2.  The 
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movement  of  medical  supplies  hiiiI  equipment  to  Batumi  was  accomplished 
during  tike  period  2!1  I  >eceiiil(er  to  .‘11  Dtsvmlier,  inclusive.  Approximately  100 
truckloads  of  medical  supplies  were  iiiove«l  by  rood,  mill  many  lstrges  were 
sent  both  to  Corregidor  and  Biitaan. 

Unfortunately,  nmcli  eqni|Hiient  and  some  drugs  and  medical  supplies  were 
abandoned  in  Manila  liecmise  of  limited  time,  extreme  congestion  of  the  single 
road  into  Bataan,  and  limited  shipping  facilities.  The  Philippine  Army  medi¬ 
cal  units  lost  much  of  their  medial  equipment  and  supplies  during  the  early 
contact  with  tlie  enemy  mid  in  their  precipitate  withdrawal  to  Bataan.’*  The 
Philippine  Army  soldier  was  not  provided  with  a  mosquito  liar.  Many  of  the 
U.S.  soldiers  who  were  provided  with  this  item  discs  riled  it  as  tliey  considered 
it  to  he  a  useless  inconvenience. 

When  tlie  withdrawing  Filipino-Ameriran  Forres  arrived  in  Hainan,  they 
assumed  a  defense  line  across  the  northern  port  of  tlie  peninsula  from  Aliucay 
on  the  rant  coast  to  Moron  on  t*ie  west  coast  (map  20).  The  central  and 
western  sectors  of  the  defense  line  were  mountainous,  and  tlie  jungle  was  ex¬ 
treme!  y  dense  on  the  lower  slopes.  An  all  weather  highway,  located  15-20 
kilometers  to  the  rear,  connected  the  east  and  weet  roads  at  Pilar  and  Bagae 
and  provided  an  excellent  route  for  tlie  evacuation  of  casualties. 

Elements  of  the  Japanese  Htk  Army  earned  on  a  sustained  frontal  attack 
beginning  early  in  January  1042,  on  the  east  side  of  the  main  line  of  resistance 
combined  with  penetration  of  the  mountainous  center  and  infiltration  to  the  rear 
of  units  on  the  west  const  (map  20).  This  caused  the  U.S.  Forces  to  withdraw 
on  24-25  January  1042  to  a  new  line  through  the  waist  of  the  peninsula,  parallel 
to  and  slightly  below  the  east-west  Pilar-Bagao  road.  Use  of  this  road  was 
then  precluded,  and  the  development  of  trails  and  roads  became  mandatory  to 
provide  egress  to  the  main  east  and  weet  roads.  The  transportation  of  casual¬ 
ties  from  forward  units  to  the  general  hospitals  in  the  rear  than  posed  an  almost 
insoluble  problem.  General  Hospital  Number  1  ut  Limaj  was  abandoned, 
having  come  within  range  of  Japaneee  artillery,  and  personnel  and  equipment 
warn  mowed  to  Little  Baguio,  kilometer  IffT,  in  the  general  vicinity  of  Marivelee. 

The  Japanese  made  repeated  attacks  during  February  with  several  penetra¬ 
tion*  of  the  Filipino- American  line  and  aim  attempted  coastal  loading!  to  the 
south  and  rear.  All  of  these  efforts  were  defeated,  and,  by  the  latter  part  of 
February,  the  Japanese  ijU  Army  had  become  ineffective  from  casualties  sad 
disease  and  was  withdrawn.  Similarly,  the  Filipino- American  Foraaa  wars 
now  in  dire  straits  from  diseam  and  malnutrition.  During  March,  the  Japa¬ 
nese  l\tk  Army  was  reinforced  with  fresh  troops  and  resupplied  while  the 
Ftlipino-Americaa  Forces  remained  in  position  awaiting  the  final  blow.  This 
came  early  in  April  and  resulted  in  total  collapse  of  the  Bataan  defense  forces 
with  surrender  on  9  April  1942. 
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THE  MALARIA  PROBLEM 

One  estimate,  which  was  prolinhly  conservative,  judged  tlie  nnmlier  of  cuses 
of  malaria  in  Filipino- American  Forces  nt  tlie  time  of  surventler,  on  !>  April 
1042,  to  Ire  24,IXXi."  Sii  estimate  is  nvitilnlile  of  the  nmnliei‘  of  eases  in  civilian 
refugees  or  in  the  Ja|Miiese  Farces  on  that  date.  In  a  survey  of  1,252  l\S.  pa¬ 
tients  nt  (leiiernl  Hospital  Nnmlief  2.  made  3  weeks  after  the  surrender  of 
Bataan,  HIT  (05  |>erreiit)  gave  it  hislnry  of  having  lieen  treated  for  malaria 
during  tlie  preceding  4  months.1-  Early  in  March,  the  commanding  officer  of 
(ieneral  Hospital  Nmnlier  2,  had  nqiorted  an  estimated  till  |iercent  incidence  of 
malaria  in  |iersoiinel  assigned  to  tlie  Imspital.  The  np)>alling  death  rate  in 
Ja|Mmese-held  prisoners  of  war  during  tlie  tirst  ti  months  of  captivity  is  furtlier 
evidence  of  the  catastrophic  effects  of  infection  contracted  in  Bataan.  A  sub¬ 
stantial  number  of  these  deatlis  is  attributable  to  malaria. 

Malaria  reconnaissance  of  Bataan  before  World  War  II  had  clearly  demon¬ 
strated  that  it  was  a  formidable  reservoir  of  malaria.  Tlie  military  situation  re¬ 
quired  the  placement  of  some  80,0011  troops  and  several  thousand  displaced 
civilians  in  areas  of  high  malarial  endemicity.  Some  of  tlie  military  units  were 
located  on  the  flat  coastal  plain,  immediately  adjacent  to  Manila  Bay,  which  is 
relatively  free  of  malaria,  Imr  tlie  majority  were  located  on  higher  ground 
within  flight  range  of  .1.  minim**  fnriro*tri»  which  preyed  a  heavily  in¬ 
fected  native  po{iulation. 

The  civilian  health  authorities  liefore  1941  liad  not  been  aide  to  carry  out 
an  effective  control  program  in  Bataan.  Tlie  military  |irrsotinel  did  not  have 
the  authority  nor  the  resources  to  carry  out  an  antimosquito  campaign  through¬ 
out  the  entire  extent  of  Bataan  ami  had  planned  to  rely  chiefly  on  |>nqihylaxis 
ami  careful  campsite  selection  for  peacetime  needs.  Aside  from  a  limited  pro¬ 
gram  of  prophylaxis^  no  antimalaria  control  measures  of  any  significance  wrrr 
carried  out  during  tlie  campaign. 

Quinine  prophylaxis  consisting  of  .6M  gm.  once  daily  was  instituted  for  the 
Philippine  Scouts  of  the  Philippine  Department  upon  their  arrival  iu  Bataan 
early  in  December  1941  and  for  service  units  working  in  the  rear  areas.  The 
application  of  quinine  prophylaxis  to  the  Philippine  Army  divisions  was  not 
authorised  because  of  an  insufficient  mpply  of  quinine.  Approximately  4,500,- 
000  five-grain  ( A35  gm.)  tablets  of  qwiniae  sulfate  were  available  in  the  Philip¬ 
pine  Department  Medical  Supply  Depot  at  the  outbreak  of  war.  This  eras  only 
snffirimt  for  00  days'  prophylaxis  on  the  basis  of  10  grains  ( A50  gm.)  of  quinine 
per  man  per  day.  In  spite  of  the  lark  of  a  formal  program  of  prophylaxis 
for  the  Philippine  Army,  many  of  the  officers  and  men  procured  sufficient 
quinine  for  their  personal  use.  The  limited  program  of  prophylaxis  was 
hampered  by  inaccessibility  of  units,  difficulty  in  medical  supervision,  and  aus- 
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taiued  combat.  Mimy  breaks  in  quinine  discipline  occurred.  After  15  Febru¬ 
ary  ltt42,  quinine  prophylaxi*  hud  virtnullv  censed  exi-epi  for  |wrsoimcl  of  liie 
general  hospitals,  certain  rear  service  units,  and  division,  corps,  anil  force 
headquarters.'* 

Tim  diagnosis  of  malaria  iu  t  lie  general  hospitals  in  But  nan  was  made  by 
the  demonstration  of  the  plasniodia  iu  stained  blood  films.  Positive  film  diag¬ 
nosis  was  Imsed  on  tlic  presence  of  stumlard,  well-documented,  identi lien t ion 
characteristics  of  the  individual  s|tecies.  Approximately  60  |>ercent  of  the 
blood  films  were  positive  for  l'la*i)unlimn  rims.  515  jiereeiit  for  /Vo*  modi  inn 
ftilri/Hiiitm,  and  5  jierveut  for  both  tyjies  of  An  o  cnsioual 

case  of  quartan  malaria  was  diagnosed.  It  is  likely  that  blood  films 
taken  earlier  iu  the  course  of  malaria  anil  at  frequently  repeated  intervals 
would  have  resulted  in  the  finding  of  a  higher  incidence  of  mixed  infect  ions. 
Limited  facilities  precluded  more  comprehensive  studies  hut  were  sufficient 
for  fairly  adequate  screening  until  the  final  chaotic  days  preceding  surrender. 
The  degree  of  parasitemia  in  tlie  falciparum  cases  was  strikingly  more  evident 
when  contrasted  with  the  number  of  plasmodial  forms  seen  in  jmeitive  virus 
blood  films.' 4  Microscopes  were  not  available  in  the  forward  medical  units 
initially,  but,  for  a  limited  period,  a  few  were  provided  as  tlte  military  oper¬ 
ations  stabilised.  On  the  whole,  in  the  forward  areas,  reliance  bad  to  be  placed 
on  clinical  acumen  for  diagnosis. 

The  treatment  of  malaria  in  vogue  iu  1041  consisted  of  2  gin.  of  quinine 
sulfate  daily  by  mouth  for  5  days  followed  by  .030  gm.  of  Plasmochin  naph- 
thoate  (pamaquine  naphthoate)  daily  in  three  divided  doses  for  5  to  7  days. 
Atabrine  was  an  acceptable  substitute  for  quinine.  The  long  quinine  treat¬ 
ment  calling  for  .830  gm.  of  quinine  daily  for  8  weeks,  after  the  initial  5-day 
treatment  of  the  acute  phase,  was  considered  effect  ive  but  dificult  to  supervise. 
The  short  quinine  treatment  consisting  of  1  gm.  to  1 A  gm.  of  quinine  daily  for 
4  to  7  days,  repeating  for  relapses,  was  considered  to  be  acceptable  in  that  it 
avoided  the  disadvantages  of  prolonged  quinine  therapy  and  was  fairly  suc¬ 
cessful.  As  Plasmochin  and  Atabrine  were  available  only  in  limited  amounts, 
a  short  quinine  treatment  was  most  commonly  prescribed. 


IMPACT  ON 


The  deleterious  effects  of  malaria  on  the  troops  in  Bataan  became  strik¬ 
ingly  evident  in  February  1942  and  were  aggravated  by  the  universal  state  of 
malnutrition.  Within  lees  then  1  month  after  the  outbreak  of  war,  8  December 
1941,  the  defense  forces  were  confronted  with  an  acute  food  shortage.  On 
3  January  1942,  the  entire  force  was  placed  on  half  rations.  The  baste  in¬ 
gredient,  of  necessity,  was  rice,  mostly  of  a  poor  quality.  This  was  suppte- 
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mented  by  sum II  iiiiioiuits  of  while  thnir,  emmet]  goods  ( salmon,  moat, 
tomatoes),  evaporuletl  milk,  nnd  irregular  issues  of  fresli  oaral>ao.  Tea,  cotfee, 
sugar,  and  butter  were  unavailable  after  1  month.  The  ration  was  grossly 
deficient  in  protein,  fat.  nnd  vitamins.  It  provided  a  maximum  of  2.000 
calories  in  January,  gradually  diminishing  to  1,000  calories  by  early  March 
and  almost  to  the  vanishing  point  by  1  April  1142. 

The  ill  effects  of  semistnrvution  on  the  truo|»s  had  las'inne  critical  by  late 
February  1942.  The  Surgeon  of  the  Advance  Krlielon  of  I'SAFFK  (l*.S. 
Army  Forces  in  the  Far  Kast),  Hainan,  advised  the  Surgeon,  I'SAFFK.  on 
Cotregidor,  in  a  memorandum  dated  27  February  1942,  that  the  diet  of  troops 
on  Bataan  was  grossly  deficient  and  urged  increased  allowances  of  l>eef,  vege¬ 
tables,  milk  nnd  the  procurement,  if  |Hixsible,  of  native  fruits  and  vegetables, 
nnd  in  their  nletence  the  procurement  of  vitamin  supplements. 

By  the  third  mouth  of  operat ions,  weight  loss  in  tlie  range  of  20  to  20 
pounds  was  commonplace.  Men  complained  of  weakness,  lassitude,  lack  of  en¬ 
durance,  and  shortness  of  breath.  Moderate  exertion  caused  tachycardia  and 
palpitation.  Those  nominally  listed  as  effective  for  combat  could  not  engage 
in  sustained  exertion,  so  it  became  increasingly  difficult  to  accomplish  necessary 
work  on  airstrips,  maintenance  of  roads,  clearing  of  trails,  hand  carrying  of 
supplies  over  mountainous  terrain,  and  patrol  activities.  Gradually,  the  high 
morale  nnd  confidence  of  January  was  replaced  by  a  lass  of  spirit  and  apatby. 
Dire  predictions  for  the  future  could  lie  lienrd.  To  lessen  the  morale  further, 
the  men  began  to  note  swelling  of  tlie  ankles  with  pitting  on  pressure  which 
was  particularly  evident  toward  evening.  Tlie  |mngs  of  hunger  became  more 
insistent. 

Beginning  about  mid-February  1942,  the  sickness  rate  began  to  rise 
abruptly.  The  majority  of  patients  were  medical  cases  suffering  from  malaria 
or  dysmteiy  and  showing  evidences  of  malnutrition  and  avitaminosis.  Some 
showed  loss  of  subcutaneous  fat  and  muscle  wasting.  Others  appeared  with 
a  considerable  degree  of  edema  of  the  lower  extremities.  A  few  patients  from 
isolated  units  who  bad  undergone  more  severe  deprivations  showed  marked 
peripheral  neuritis  with  footdrop  and  wristdrop.  Patients  with  wounds  and 
fraeturea  began  to  Aow  a  slower  rate  of  healing.” 

Up  to  the  first  week  in  March  1942,  the  e  recast  ion  of  the  aide  and  wounded 
had  been  accomplished  in  an  orderly  fashion.  Certain  patients  who  ordinarily 
would  have  been  transferred  to  the  general  hospitals  had  been  treated  by  medi¬ 
cal  units  because  of  inaccessibility  to  motor  vehicles.  The  general  hospitals 
had  expaaded  to  meet  the  continually  increasing  demand  for  beds  through 
the  device  of  manufacturing  bamboo  cots  and  clearing  larger  areas  of  the 
jungle  to  provide  space  for  them.  Then,  beginning  approximately  7  March 
1942,  patients  by  the  hundreds  began  to  arrive  daily  at  the  rear  hospitals. 
Most  of  them  appeared  to  be  suffering  from  malaria.  Shortage  of  quinine 
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tlieu  required  the  adoption  of  a  nxxli fie<l  short  quinine  therapy  utilizing  15 
gm.  or  less  of  quinine  rather  than  the  stnmhird  treatment  of  35  or  40  gm. 

Admissions  for  cerehral  malaria  Itccnme  evident  early  in  March  1042. 
These  were  chiefly  men  from  isolated  units  who  weiv  in  unusually  |>oor  physical 
condition  from  stress  and  malnutrition  and  for  whom  medical  attention  was 
not  available.  The  nnnilier  of  these  case*  reaching  the  general  hospitals  was 
not  large:  io  all  they  did  not  exceed  loo  cases.  (Yrehrtd  i»»ni festatioos  of 
malaria  were  usually  associated  with  /'.  fii/ct/mrnm.  The  syiiqiloiniitolugy 
was  variable  hot  frequently  ap|teared  with  coma  and  a  slmrklike  state  or  with 
delirium,  coiivnlsions.  mid  iniiltineiil  reactions.  ]tes|M>nses  to  intravenous 
quinine  was  dramatic.  More  often  the  lack  of  that  item  required  tlie  admin¬ 
istration  of  5  nr  4  gin.  of  quinine  sulfate  by  stomach  tula*.  I  homily  the  mental 
component  of  the  disease  was  relieved  in  .‘1  nr  4  days. 

Malarial  patients  who  were  severely  depleted  from  diarrhea  and  malnu¬ 
trition  did  not  res|MNid  well  to  massive  antimalaria  tlierapy.  < Vcnsional 
patients  receiving  2  gm.  of  quinine  sulfate  daily  hy  month  continued  to  have 
fever  and  positive  blood  films.  Other  individuals  on  suppressive  tlierapy  of 
.050  gm.  of  quinine  daily  devekqied  chills  and  fever  and  (switive  Mood  films. 
The  same  phenomena  were  noted  frequently  at  prison  camps  during  the 
summer  of  1042.  One  case  of  hlackwater  fever  was  seen  at  General  Hospital 
Number  2  in  a  civilian  who  lived  in  Bataan.  Two  cases  in  Japanese-held 
prisoners  of  war  (one  British  and  one  Dutch)  were  seen  during  1043  in  a  prison 
camp  in  Formosa. 

Early  in  March  1942,  Col.  Arthur  F.  Fischer,  IJSAR,  while  convalescing 
from  malaria  in  Bataan,  called  the  attention  of  Maj.  Gen.  Jonathan  M.  Wain- 
wright’s  headquarters  to  100,000  kilograms  of  high-grade  quinine  hark  avail¬ 
able  in  Mindanao,  front  which  tataquina  could  be  extracted.'*  Dr.  Fischer  had 
pioneered  the  introduction  of  cinchona  into  the  Philippines  and  had  worked 
with  that  program  for  18  years.  lie  was  flown  to  Mindanao  for  the  purpose  of 
beginning  large-scale  extraction  of  the  quinine  bark.  Penetration  of  the  ana 
by  Japanese  Forces  prevented  completion  of  the  project,  and  Dr.  Fischer  was 
flown  to  Australia  carrying  seeds  for  the  establishment  of  cinchona  planta¬ 
tions  in  South  America. 

Tbs  catastrophic  impact  of  disease  and  aemiatarration  on  the  combat  ef¬ 
fectiveness  of  the  Filipino- American  Force  in  Bataan  was  recognised  to  he  of 
the  utmost  gravity  by  all  levels  of  staff  and  command.  On  10  March  IMS, 
the  ooammnding  dfleer  of  General  Hospital  Number  2,  directed  a  letter  re¬ 
garding  malaria  control  to  the  Surgeon,  Philippine  Department,  a  portion  of 
which  is  quoted. 

1  wnN  like  i»  pntot  nat  a  grave  |ei*lia  iiertalaiaa  •»  the  Medical  Hepartawat 
■Ml  the  CHAFVK  Malaria  la  rapMljr  tacreaalau :  aiaoe  XM  non  were  aaUer  Imlanrt 
la  this  haaeltal  aa  «<  Marrh  Nk.  The  adatlaahai  rale  la  ahmulag,  ataae  am  pattarta 
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arriving  Mun-h  !Mh.  Mont  of  lilt-*'  urc  inetllriil  mid  n  Inruc  |ir<i|uirll<i|i  Imve 
malaria  *  *  *.  tjnlnlne  |iro|ibyluxl*  luivlue  xtoiqMxI  we  i,nlii'l|>iilc  udillllmuil  limnlrctl* 

or  even  Ihoiixuiid*  id  tuxe*  *  •  *.  We  :i r»>  iirxenlly  hi  need  id  »  I mntMiili m*  stork 

of  iininlm*  for  t reul  mem  and  |>rn| ili.vbixlx.  The  tieiierul  MlnfT  xlmnlil  miderxtnud  i1m> 
extreme  gravity  id  I  ho  niularln  problem  and  «lve  priority  to  <|iilnhio  iiImivo  ilia  I  id  any 
idhor  rrltlral  lloin.  If  llte  niHlarln  xlluution  lx  inn  lirintjciil  iimlor  control  I  1m-  etlh-leney 
of  Iho  whole  Army  will  lie  areally  lni|Nilrod:  in  fuel  li  will  lie  nimble  In  iierforni  lie 
eoiuliat  flluolloiiM.  It  In  my  l■nlllllll  nml  eoiiservnl  lve  i  i|iln  li  m  I  hill  If  ire  do  no|  set-ore 
a  Biifflelent  milady  of  quinine  fur  our  lroo|w  from  from  to  renr  I  Inn  all  other  supplies 
we  may  set,  wllh  iIm*  i-xeeplloii  of  riillnnn.  will  Is*  of  mile  or  imi  value. 

The  ITSAFFE  Surgeon,  Ctirregiilor,  in  it  ineiiioniiidmn  to  tin*  Assistant 
Chief  of  Staff,  G— 4  (logistics).  I’SAFFE,  on  22  Mnrrli  1142.  stilted  that  there 
were  3,1100  cast's  of  iiniliiria  ill  Mnlaiin  iiikI  I  lint  the  mnnliers  were  increasing  in 
nil  alarming  rate.  He  referred  to  the  extremely  high  noneffeciive  rule  in 
comltat  units  and  recnniittended  tlmt  -‘1  million  quinine  tablets  lie  sent  from 
Australia  by  air  at  once  with  a  like  quantity  tliereaftcr  each  month. 

To  deal  with  the  overwhelming  flood  of  ]mtients  in  the  forward  units  nml 
to  relieve  pressure  on  tlie  general  hospitals,  tlie  Surgeon,  Luzon  Force,  early 
in  Marclt,  directed  that  liattalitni  aid  stations  and  clearing  and  collecting 
companies  assume  tlie  resjsHisihility  for  tlie  treatment  of  all  patients  except 
those  whose  condition  was  of  tlie  utmost  gravity."  Tlie  aid  stations  were 
expanded  to  200  to  .100  lieds  (liaiiilioo  construction)  while  tlie  clearing  and 
collecting  companies  handled  from  000  to  M10  pat  ient  s  each. 

The  Surgeon,  Luzon  Force,  reported  tat  23  Man'll  1042,  in  a  letter  to  i!k* 
cnniniamling  general,  that  tlie  daily  admissiiHi  rate  for  inaluria  hail  readied  f*N> 
to  700  cases  and  that  tlie  availalde  supply  of  quinine  at  tlie  medical  depot  in 
Bataan  was  sufficient,  using  a  short  course  of  treatment,  only  for  approximately 
10/100  cases  of  malaria.  Hr  antiei|Mted  exhaustion  of  tlie  stock  in  •*)  or  4  weeks 
and  predicted  a  mortality  rate  of  7  to  10  percent  in  untreated  cases.  Extreme 
concern  was  ex|HTHsrd  regarding  the  slutrply  rising  noneffective  rate  in  relation 
to  combat  potentialities  of  the  Force.  Writing  to  tlie  (liirf  of  Staff.  I’ SKIl’ 
(UA  Forres  in  the  Philippines),  on  31  March,  the  Thief  of  Staff,  Iauhni  Force, 
referred  to  a  malaria  admission  rate  reaching  1JW)  cases  daily  and  to  tlie  im¬ 
minent  loss  of  combat  effectiveness. 

By  the  end  of  March,  some  7,000  patients  were  lmspitalimd  in  <iie  forward 
medical  units,  a  mere  mile  or  so  behind  the  main  line  of  resistance.  These 
rep reiented  only  those  who  were  severely  incapacitated.  Actually,  at  least  HO 
percent  of  the  troops  had  become  unlit  for  duty.  One  regimental  surgeon  de¬ 
scribed  the  situation  as  follows:  ** 

Ta  give  aa  accurate  wwrtHdctare  uf  rnadllhMM  as  they  actually  existed  at  Ike  llaw 
iaatTlalri;  pnwediw*  the  surreoder  uf  oar  form,  oa  Dslaas  would  tax  the  deerrlptlvc 
powers  at  ■  rhetorical  peolas,  hat  la  simple  laacaaae.  alwt  every  maa  la  Ralaaa  waa 
adhtlat,  ant  oaly  fmar  the  effects  of  prutuaaed  starvatlna.  bat  also  froa,  one  <r  bulk  of  Ike 
scale  tafeetkia*  that  plagued  m  Ihronghout  the  eampaig*.  via,  dysentery  a  ad  malaria.  I 
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hit vc  »ecn  men  brought  Into  the  bnttiillnu  nbt  station*  mill  die  of  tin  overwhelming  Infection 
of  dysentery  or  cerebral  malaria  lief  ore  Ihcy  eotibl  In*  targeil  mill  clinodSed  for  evuenuthm. 
Of  the  xil|i|Nixe<lly  well  men  In  the  Hebl,  ail  were  Ihln  mill  weak  from  Htnrvulbm.  Many 
were  swollen  with  nutritional  edema;  a  large  jicrcenlage  were  ]>ale  anil  anemic  from 
reiicatcil  ailncks  of  malaria  or  dysentery. 

As  early  as  Jnniia  ry  1942,  General  Mac  Arthur  lintl  nmtle  urgent  requests  to 
the  Chief  of  Stuff,  I'.S.  Army,  for  food  and  liiedirnl  supplies  lobe  sent  through 
the  Japanese  blockade  bv  tiny  possible  means.  General  Wiiinwright  in  March 
reiterated  the  extreme  urgency  of  his  requirements  for  both  items  ami,  in 
response.  Gen.  (later  Genenil  of  the  Army )  George  C.  Marshall.  Chief  of  Staff, 
requested  that  maximum  Hinoiints  of  <|tiinine  lie  sent  from  Australia  hy  air. 
This  could  not  lie  accompli.dted,  lint  1  million  tablets  of  quinine  sulfate  were 
brought  by  air  from  the  medical  depot  at  Celiti  to  Bat  atm.  This  supplement 
proved  to  lie  .sufficient  to  provide  at  least  a  short  tv |ie  of  tlierapy,  and  no  hospi¬ 
talized  |mt ients  were  denied  quinine  liefore  surrentler.  Tlte  death  rate  from 
malaria  before  capitulation  t  lierefore  was  extremely  low. 

When  the  final  Japanese  attack  began  on  3  April  1942,  it  became  impera¬ 
tive  to  move  all  patients  from  forward  medical  units  to  the  rear  hospitals. 
Approximately  live  thousand  patients  were  ahsorlied  at  General  Hospital  Num¬ 
ber  2  between  5  April  and  8  April ;  other  tltousands  were  directed  to  a  convales¬ 
cent  camp  in  its  vicinity.”  On  9  April  1912,  all  surviving  members  of  the 
Filipino-American  defense  force,  including  patients  ami  medical  personnel, 
were  categorised  as  captives  and  thereafter  were  required  to  submit  tot  lie  orders 
of  the  Imperial  Japanese  Army. 

IMPACT  ON  CIVILIAN  REFUGEES 

The  situation  of  the  several  thousand  civilian  refugees  behind  the  Filipino- 
American  lines  became  increasingly  desperate  during  the  period  7  January  to 
9  April  1942.  Most  of  these  refugees  were  located  in  tlie  Limay-Mariveles- 
Cabeahen  areas  which  previously  had  been  established  as  regions  of  severe 
malarial  infection.  There  they  lived  in  refugee  camps  and  were  issued  the 
same  meager  rations  as  the  Army  received.  Medical  attention  was  provided 
by  refugee  Philipino  physicians  in  crudely  improvised  hospitals.  These  people 
were  without  protection  from  malarial  mosquitoes,  and  they  suffered  severely 
from  malaria  having  no antimalarial  drags  tor  treatment.  These  unfortunates 
were  often  threatened  by  bombing  raids  on  nearby  villages  and  military  instal¬ 
lations.  Many  were  wounded  and  killed. 

A  mass  evacuation  from  Bataan  of  refugees  and  Filipino  military  patients 
began  immediately  following  capitvlat ion  on  9  April  1942.  These  individuals 
trudged  along  the  east  road  leading  out  of  Bataan.  Many  of  them  were  ill 
with  malaria  and  dysentery.  Among  them  were  old  men,  women,  and  children, 
carrying  their  total  possessions  in  assorted  bundles,  bags,  and  cans.  The  pro- 
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cession  continued  for  days.  Often,  tlie  seriously  ill  would  full  by  the  roadside 
to  die,  and  after  a  few  days  several  hundred  bodies  could  lie  counted  along  the 
road  between  Cabcaben  and  Limay. 

The  disruptions  caused  by  war  resulted  in  n  considerable  increase  in  the 
incidence  of  malaria  in  Hainan  and  adjacent  provinces  after  the  conclusion  of 
the  campaign  in  1042.  This  was  brought  about  by  the  huge  increase  in  the 
numbers  of  human  carriers  who  had  become  infected  and  for  whom  proper 
treatment  was  not  available,  and  by  the  complete  breakdown  of  control  meas¬ 
ures.  Studies  made  on  the  civilian  refugee  population  evacuated  from  Bataan 
in  1942  showed  a  large  increase  in  tlie  malaria  rate,  and  it  was  noted  that  the 
disease  was  more  difficult  to  treat  with  the  higher  death  rate.  Over  24.000 
cases  of  malaria  were  diagnosed  in  civilian  emergency  hospitals  in  Bataan  and 
surrounding  provinces  during  the  fall  of  1042. M  Tlie  overall  mortality  rate 
was  2.2  percent.  Before  the  war  in  1941,  the  fatality  rate  in  tlie  same  provinces 
had  been  0.64  percent.  An  intensive  malaria  control  program  was  carried  on  in 
Bataan  from  1912-44  by  direction  of  the  Japanese  military  command. 

IMPACT  ON  THE  JAPANESE  FORCES 

The  impact  of  malaria  on  the  Japanese  Forces  can  only  be  partially  docu¬ 
mented.  The  Japanese  Army  had  planned  for  a  quick  ojieration  in  Bataan, 
expecting  to  overcome  the  Filipino-American  troops  in  a  week  or  10  days. 
When  they  met  with  firm  resistance  which  continued  during  Januaiy  and 
February,  their  troops  began  to  suffer  from  some  of  the  same  deprivations  and 
diseases  which  harassed  the  Filipino-American  Forces.  The  Japanese  ration 
for  their  troops  on  Bataan  was  meager,  although  it  did  not  reach  the  low 
point  of  the  Filipino-American  ration.  The  Japanese  were  exposed  to  the 
same  hazards  from  malaria,  diarrhea,  and  dysentery.  By  mid-February,  the 
Japanese  l\t\  Army  was  definitely  depleted,  chiefly  from  malaria.”  An 
interpreter  who  served  with  the  Japanese  Utk  Army  in  Bataan  stated  to  the 
senior  Japanese- held  ITJS.  medical  officer  in  July  1942,  that  the  Cabanatuan 
prison  camp  situation,  where  over  .'^000  seriously  ill  Americans  were  incar¬ 
cerated,  reminded  him  of  the  illness  suffered  by  the  Japanese  troops  in  Bataan. 
He  asserted  that  in  some  units  of  the  Japanese  Army  the  noneffective  rets 
from  malaria  and  dymtery  reached  90  percent  and  that  the  death  rate  from 
malaria  was  very  high.  Ha  stated  that  the  former  UJS.  military  hospital, 
Sternberg  General  Hospital,  was  packed  to  capacity  with  Japanese  soldiers 
who  had  become  ill  in  Bataan. 

On  10  April  1942,  a  Japanese  guard  of  20  men  was  assigned  to  General 
Hospital  Number  2.  Approximately  60  percent  of  these  soldiers  were  acutely 

•CAk.,  Candle  K. :  UUnMio  ef  Malaria  la  Bataaa  Bafan  tbr  War  eat  Darla*  tkt  Ja*a- 
eea*  Orastta.  aW  Malaria  Caatral  rna  1MJ  to  1W.  PUIIwlae  lalaaSa  Unite  Storks  Meats** 
SaSvtia  U:  2ST-SM.  1MT. 
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ill  with  maiiiriu  with  in  :t  ivwks.  No  iiiedicst  ion  was  provided  for  them  Ity  lit** 
Japanese  Army.  They  were  tivuted  liowever.  by  l‘.S.  inodiml  ojiitrs  at  the 
direction  of  flic  Japanese  Army.  It  was  esliniatts)  by  llorignrlii.  surgeon  of 
tlie  Japanese  i.ith  Ann?/,  that  lo.OlKt  to  li.otltl  Japanese  sohliers  wen*  ill  with 
malaria,  dysentery,  and  liertlieri  in  February  UH2  and  that  less  than 
effect  ire  men  mnained.  'I1m*  Jn|innese  l^th  Army  had  hcpiii  their  campaign 
with  only  1  mouth's  supply  of  quinine.  and  in  January  its  use  for  prophylaxis 
was  discontinued  except  for  frontline  (r<x>|>*;  after  lit  March,  tpiinine  was 
available  totlieni  tally  for  therapy.  Thus,  it  seems  clear  t  hut  tlie  tirin  resistance 
of  the  F'ilipino-  American  Fortes  in  Hainan,  combined  with  extensive  infest  a 
tion  tif  tlie  Japanese  troops  with  inahirin.  ivsnltetl  in  nil  ii|>s4*ff  ing  of  the 
Japanese  timetable  for  the  prosecution  of  tlie  war  in  the  Philippines.  This 
was  a  significant  matter  ns  Ja|mnese  tns>|>s  halt)  lo  withtlmw  from  Singn|Nire 
tocoinplete  the  campaign  in  Itataau. 

IMPACT  ON  THE  FILIPINO-AMER1CAN  PRISONERS  OF  WAR 

Tlie  tragic  story  of  tlie  a|i|ialling  hats  of  life  in  tlie  F'ilipino-Ainerican 
Forces  after  tlie  surrender  is  tlirertly  relaietl  lo  inalimiriiitai  and  tlisease  ex¬ 
perienced  in  linlaan.  Malaria  contributed  signitieantly  to  tlie  impressive 
mortality.  Other  significant  factors  included  |irolonge«l  inarches  to  tlie  prison 
camps  in  tropical  lieat,  inadequate  food,  lack  of  |iotable  water,  lack  of  medical 
supplies,  tlepharable  sanitary  contlit ions,  extreme  overcrowding.  ami  overwork. 
Twenty-nine  thousand  five  hundred  eighty-nine  tleaths  tsvurretl  in  UMi  at 
Camp  O'Donnell  in  Japanese-held  prisoners  of  war  from  llataan.  Six  thousand 
one  hundred  twenty-nine  (90.7  percent)  clinically  were  attributed  to  malaria.” 
Four  hundred  ninety-eight  deaths  occurred  in  U.S.  prisoners  at  Cabanatmui 
Prisoner-of-War  (’amp  Number  1  during  June  1049,  One  hundred  twenty- 
eight  were  diagnosed  as  caused  by  malaria.  During  July  1019  in  the  same 
camp  780  TTJ$.  prisoners  died.  Beginning  approximately  1  August  1049, 
safe imt  quinine  was  provided  by  the  Japanese  to  treat  1.0)10  cam  of  active 
malaria,  using  14  gm.  of  quinine  sulfate  per  patient.”  Deaths  decreased  to 
940  during  the  month  of  August.  On  31  August  1049,  the  senior  Japanese  held 
17.8.  medical  prisoner  of  war  requested  in  a  letter  to  the  Japanese  camp  com¬ 
mander,  C’abanatuan  Prisoner-of-War  Camp  Number  I,  that  7&0JW)0  .V grain 
tablets  of  quinine  sulfate  be  famished  to  treat  an  estimated  .1,110  cases  of 
malaria.  The  qaantity  desired  was  not  obtained,  and  needless  deaths  con¬ 
tinued.  Two  thousand  four  hundred  deaths  occurred  in  Japanese  held  UA 
prisoners  of  war  at  Cahanatuan  Prisoner-of-War  Camp  Number  1  from  1 
June  to  1  December  1049.  Approximately  25  |iercent  of  these  deaths  clinically 
were  attributed  to  malaria. 


■  Hr*  (MMr  30.  *.  MS. 

■Ware.  CS.  Jibh  O.  GMnete,  lie,  C.I.  Anar.  Primmer  at  War  Case  Ka.  1.  Cakaaataaa.  P.I.. 
31  Mar-11  A  as  1*41. 
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•Tn|Niiiese-liehl  prisoners  of  wnr  in  thr  l*liili|i|»ini‘s  were  snl»ji*cir<l  to  :iii  i>x- 
t  rente  degree  of  stress  during  the  first  ti  iixmllis  of  captivity.  Semislii rvation, 
begun  in  Hainan,  continued  for  intiiiy  months  after  ni|itiirv.  N'nt ritioiml 
edema  (wet.  herilieri),  multiple  avitaminosis.  burning  feet  syndrome,  mid 
pellagra  affected  95  |s>iccnt  of  prisms'i-s  to  n  greater  or  less  degree.  Itinrrlieiil 
conditions,  including  s|>ecilic  dysenteries,  were  ruimnonpliire.  Two  hundred 
twenty-three  prisoners  com rneted  diphtheria  lx- tween  Itl  June  mid  S  August 
]!*4‘2  at  (.'tUiMiiiitimn  l*rismier-of-War  <‘timp  NiiiiiUt  I.  Ninety-one  of  these 
diet).  Men  depleted  hy  such  a  variety  of  emtditions  did  lint,  respond  to  anti- 
malarial  (Imp*  in  l lie  manlier  tdwerved  in  lieallliy  individuals.  The  fnilnrv 
to  res|HMnl  may  have  lieen  tine  to  |ioor  al»sor|Mi<Hi  of  ipiiiiiia1  from  ilie  gnstm- 
intestinal  tract.  When  intravenous  quinine  was  given,  res|Miiise  wns  satis¬ 
factory.  Unfortunately,  almost  none  was  available. 

Tint  protean  manifestations  of  malaria  in  the  prison  cnni|is  caused  much 
confusion  in  tlie  presence  of  dysentery  ami  malnutrition  with  avitaminosis. 
Gastrointestinal  *yni|ttnnts  such  as  nausea,  vomiting.  ami  severe  tliarrliea  were 
frequent  in  proved  cases  of  malaria.  Ot  Iters  allowed  synqitonis  of  anile 
ap|iemlicittK  or  oilier  acute  ubtloniinal  crises.  Tltear  were  mam  recogiiiartl  as 
manifestations  of  malaria  requiring  search  of  a  hhaal  film  for  plaanmdia  as 
the  most  ini|Mirtant  laboratory  procedure.  Kesjssise  to  aiitinmlaria  tlierapy 
often  was  dramatic  in  tliese  cases. 

Throughout  more  than  :i  years  tif  «n|it ivity,  malaria  recurrences  were  very 
frequent  in  prisoners  in  the  l*liili|tpine*,  Formosa,  Japan,  ami  Manchuria. 
A  few  individuals  had  as  many  as  911  rrla|isrs.  As  a  cause  of  death,  malaria 
became  less  important  during  UM.T-44  not  only  liecanse  of  the  I  letter  con¬ 
ditions  of  diet  ami  improved  therapy  hut  also  Iwcause  of  the  trrmemious  death 
rate  which  had  eliminated  the  most  severely  ill.  At*  lale  as  1W5,  an  appreci¬ 
able  number  of  prisoners  of  war  were  suffering  fmnt  malaria  reh|wes. 

COMMENT 

The  defeat  of  the  Filipino- American  Forces  in  Hat  l’hilippinrs  imdnubteilly 
area  h— tewed  by  the  conditions  resulting  from  a  semistarvation  ration  with  the 
additional  deleterious  effects  from  common  diarrheas,  dysentery,  and  malaria. 
The  Surgeon,  Liman  Force,  expressed  his  opinion  as  follows: 

Tfca  agMitka  of  Loam  VWrre  ntrmnl*  la  mix  respect*  a  defeat  due  Is  disease 
and  atarraUaa  rather  than  tn  Military  ■  nadllhos.  Malaatritloa.  amlaria.  aad  latrsllaal 
tuAerttaaa  had  redarad  the  ram  hat  emeteary  of  nar  forces  am  Ihaa  75  percent.  The 
Bataan  eaauwica  raa  heat  ha  dearrthed  aa  a  campaign  "t  altriltou,  a  ranpalta  la  whlrh 
(aasagha  without  reptealhmi  at  was  the  rale.  The  physical  Stars*  nf  oar  Inaipa 
was  aa  aertaaaty  Unpaired  hr  1  March  that  It  hem  aw  a  determining  factor  ia  tarihal 
api  ration*.  Tram  that  date  onward  the  physical  deterioration  of  oar  forces  waa  ao  ra|dd 
that  hr  >  April  a  aaurwafal  dcfcaslrr  staa<t  was  BO  longer  piswlhtc.** 
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CHAPTER  X 

The  Southwest  Pacific  Area 


Thomas  A.  Hart,  Ph.  D.,  and  Col.  William  H.  Hardenbrrgh.  MSC, 
USAR  ( Rrt .) 


Miliaria  was  one  of  the  chief  medical  mill  military  problems  for  I7.S. 
Army  troops  in  SWPA  (Southwest  Pacific  Area)  during;  World  War  II. 
Until  the  middle  of  1P4.1,  malaria  incidence  was  so  great  that  it  seriously 
handicapped  military  o|ieratioiis.  During  the  6  months  from  Ortolier  l!4-i  to 
April  11M3,  there  were  approximately  IP  times  as  many  Itospital  admissions 
for  malaria  as  for  battle  casualties,  and  h  majority  of  the  Allied  divisions  in 
the  theater  were  incapable  of  effective  military  use.1  The  malaria  iiM-itience 
reached  its  peak  in  February  1HW:=  after  February  of  that  year,  there  was 
a  steady  decline  due,  primarily,  to  tlie  creation  and  the  operation  of  an  effective 
antimalaria  organization.  Despite  tlie  fact  that  military  operations  continued 
throughout  the  war  in  areas  where  the  disease  was  highly  endemic,  malaria  did 
not  thereafter  handicap  military  operations.  Tlie  organization  created  in  l'.tb'l 
functioned  effectively  in  malaria  control  throughout  the  remainder  of  tlie  war 
in  the  Southwest  Pacific. 

A  most  important  aspect  of  the  problem  of  malaria  control  in  SWPA 
was  that  any  measures  taken  had  to  be  applicable  to  an  Allied  force,  not  merely 
to  the  U5.  Army.  Particularly  in  the  first  i  years  of  this  theater’s  experience, 
most  bases  in  malarious  areas  contained  1’5.  Amy,  Australian  Army,  Aus¬ 
tralian  Air  Force,  and  often  Navy  detachments  of  Iwth  countries.  Uniformity 
of  area  antimosquito  measures  and  uniformity  of  malaria  discipline  of  troops 
were  found  to  be  essential. 

At  the  outset  of  World  War  II,  knowledge  regarding  the  prevention  of 
aoch  endemic  diseases  as  malaria  was  available  and  the  U.S.  Army  had  had 
experience  in  the  malarious  areas  of  the  Philippines  and  in  Panama,  but  the 
machanics  and  procedures  for  the  protection  of  large  bodies  of  troops  in  highly 
endemic  areas  had  not  been  developed.  Combat  commanders  were  very  stow 
to  recognise  the  scope  of  the  problems  and  to  heed  medical  advice  for  carry¬ 
ing  oat  protective  procedures.  Blame  for  the  high  noneffect ivt  rate  was  often 
placed  on  the  unit  surgeons.  Many  or  most  of  these  had  never  seen  a  ease 
of  malaria,  even  in  medical  school,  and  in  addition,  they  did  not  have  the 
authority  to  enforce  adequate  antimalaria  measures,  even  in  their  own  units. 

*  War  Ursa rt wrat  Ctrrslar  S«.  133,  31  8*ft.  IMS. 

■XhIH;  PrnfKta  Kffafl,  Anar  Barrier  lurm.  War  Draarlawat,  31  Jaljr  im,  Bart  I—  T: 
Hraltk.  p.  I  ft. 
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Another  early  hnnilinip  was  flic*  ]K»licv  of  tin*  ctmil»>i  rniumiiixlers  llml 
orders  .should  not  lie  explained  to  the  troops.  Shut*,  under  the  conditions 
existing  in  this  theater,  troop  education  and  eou[>enit ion  were  essential,  no 
adequate  program  of  malaria  control  could  at  first  I*  enforced.  In  addition, 
unit  commanders  in  the  early  days  of  tlte  war  often  flagrantly  disregarded 
such  malaria  control  orders  ns  those  requiring  the  wearing  of  shirts  and  leg¬ 
gings  during  certain  hours,  thereby  making  enforcement  of  such  orders  practi¬ 
cally  impossible. 

After  the  evacuation  of  the  Philippines,  the  Australian  mainland  was 
organized  as  a  base  for  the  campaign  northwnrd.  In  li>42,  the  military  or¬ 
ganization  of  SWPA  provided  for  seven  Itase  sections  and  one  advanced  base 
section.  The  seven  base  sections  were  all  in  Australia,  with  headquarters  as  fol¬ 
lows:  Base  Section  1,  Darwin;  2.  Townsville;  3,  Brisbane;  4,  Melbourne;  ft, 
Adelaide;  6,  Perth;  and  7,  Sydney.  Tl»e  advance  base  section  included  New 
Guinea  and  adjacent  territory.  The  first  sizable  complement  of  U.S.  troops 
arrived  in  four  transports  in  December  10-12. 

Many  of  these  troops  had  been  serving  in  malarious  areas,  and  there  were 
numbers  of  cases  of  malaria  among  them.  Though  malaria  was  not  a  problem 
of  much  magnitude  in  Australia,  the  entire  Queensland  littoral  was  infested 
with  anophelines.  In  many  localities,  a  local  emlemic  was  readily  possible  if 
the  reservoir  of  infection  were  sufEcently  great.  Actually,  tlie  problem  wa» 
treated  by  the  Australian  Government  as  a  major  one.  and  involved  ell  troop 
and  individual  assignments  to  the  Northern  Territory  especially,  throughout 
the  first  2  years  of  the  war.  The  protection  of  Australia  against  malaria  was 
one  facet  of  a  broader  problem;  that  is,  the  logical  insistence  of  tlte  Australian 
Government  on  the  protection  of  Australia  against  introduced  tropical  diseases 
as  well  os  smallpox.  Regulations  governing  the  introduction  of  malaria- 
infected  troops  into  potentially  malarious  areas  were  enforced,  and  extensive 
measures  were  token  in  Townsville  and  south  of  Townsville  to  control  mos¬ 
quitoes  in  the  environs  of  America*  hospitals.  By  cooperat  inn  with  Australian 
health  authorities  and  through  medication,  the  threat  imposed  by  the  arrival 
of  these  infected  troops  was  controlled. 

Become  malaria  was  not  common  in  Australia,  few  cases  were  reported 
among  troops  stationed  on  the  mainland — probably  not  more  than  12  caeca 
daring  1942,  all  north  of  Townsville.  Then  wen  a  good  many  coses  reported 
in  boss  sections,  but  practically  all  wen  among  troofis  or  patients  transferred 
from  New  Guinea. 

Meanwhile,  malaria  incidence  was  increasing  among  troops  in  New  Guinea. 
The  rate  rose  in  close  correspondence  with  the  movement  of  troops  to  New 
Guinea.  The  malaria  rate  for  New  Guinea  in  October  1042  was  less  than  200 
per  1,000  men  per  annum,  and,  for  this  tlieater  as  a  whole,  it  was  about  40.  In 
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December  1042,  the  rate  for  New  Guinea  increased  to  nearly  0<»0  anti  for  the 
entire  theater  to  approximately  sKiO.1 

Thus,  during  the  eloping  days  of  1!)42  and  the  early  part  of  11)43,  malaria 
had  shown  itself  to  be  a  very  serious  threat  to  the  success  of  onr  military  o|ier- 
atious  in  the  Southwest  I'ncific.  It  was  realized  also  that  the  problem  would 
be  intensified  us  more  troops  moved  northward  into  more  highly  malarious 
areas.  The  U.S.  Army  in  this  theater  lucked  the  three  necessities  to  conquer 
the  problem:  (1)  A  full  appreciation  by  tlie  various  commanders  of  the  mil  me 
and  scope  of  the  problem  and  of  the  jwrt  that  they  must  piny  in  controlling  it : 
(2)  an  organization,  adequate  in  skill  and  in  antlmrity.  to  control  malaria: 
anil  (3)  adequate  aiitimalariii  supplies  intlie  forward  areas,  tine  to  failure  of  the 
tlieater  at  iirst  to  assign  necessary  priorities  of  shipment  from  tlie  I'nited 
States  and  locally. 


AREA  CHARACTERISTICS 
New  Guinea 

Phytagraphy. — Tlie  island  of  Xew  Guinea  is  roughly  1JVIW)  miles  long 
and  400  miles  wide.  A  massive  mountain  backbone  runs  centrally  along  iis 
length.  Although  tlie  western  tip  of  tlie  island  lies  on  tlie  Equator,  many 
peaks  are  snowcapped  throughout  the  year. 

South  of  the  central  mountain  range  is  a  vast  low  flatland,  honeycombed 
with  rivers,  swamps,  and  high  rain  forest  jungle.  The  southern  coast  for  the 
most  part  is  lined  with  impenetrable  mangrove  swamps,  hacked  up  inland  by 
broad  nipa  palm  swamps.  Other  inland  swamps  are  covered  with  grass  several 
feet  high  (kunai  grass)  and,  when  viewed  from  the  air,  appear  to  be  grassy 
plains  (fig.  0®). 

North  of  tlie  central  range  are  parallel  mountain  groups  lying  along  the 
coast.  The  fertile  inland  valleys  are  drained  by  large  rivers,  such  as  the  Fly, 
Mamberamo,  Sepik,  Kama,  and  Markham.  Swamps  are  found  along  tlie  ujqier 
reaches  of  these  rivers,  and  at  their  mouths. 

The  mountains  are  covered  with  dense  tropical  rain  forest.  Secondary 
growth  of  tall  grasses  and  scrub  replace  forests  which  liave  been  burned  off  in 
the  valleys  and  plains  to  provide  land  for  temporary  cultivation.  Although 
some  areas  have  been  planted  with  rubber  and  coconut  tiers,  less  than  I  per* 
cent  of  New  Guinea  is  under  cultivation. 

Along  the  coast,  there  is  little  variation  in  temperature  and  humidity. 
The  temperature  averages  80°  F.,  with  local  means  ranging  from  77°  to  83°  K. 
The  humidity  averages  Hit  percent,  with  local  means  ranging  from  70  io  !>.*» 
percent.  Above  2,000  feet,  temperate  climates  are  encountered. 


*  Mottkly  Prmrrnwi  Report.  Army  Sen  top  Foreee,  V«r  Depertweat.  r.l  July  IMa.  toftN  7: 
Health.  p.  1 
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hoi  «  M. — 0|im  rtnm  wi<k  cnuwjr  marjriu'.  In  xllxtil  akmlp,  a  Iyi4r*l  bvmllim 
|Oarr  l“T  ,4nftrl«  fmmmU.  17th  UaUrla  Hsrrrjr  Call,  New  llnlara. 


The  annual  precipitation  range*  front  about  40  inches  per  year  at  Port 
Moresby  to  over  300  inches  in  the  mountains.  The  season  of  maximal  rainfall 
also  varies  from  place  to  place.  This  seasonal  variation  is  due  to  the  two  mon¬ 
soons  (northwest  monsoon — November  to  May;  wmtlieast  nwinwain — May  to 
October)  ai.d  to  tire  |nrticular  exposure  or  lack  of  exposure  of  various  areas 
to  them  monsoons.  Generally  speaking,  the  heaviest  rainfall  occurs  on  the 
windward  aide  of  the  mountain  where  tlie  rain  clouds  are  t  rapped. 

Malaria  w  hypetendemic  in  coastal  areas  and  at  altitudes  up  to  2^)00  to 
MOO  feat 

Since  there  ate  daily  rains  in  many  areas  even  during  the  “dry"  season, 
mosquito  breeding  and  malaria  transmission  may  continue  throughout  the 
ysar,  but  there  ie  an  increased  incidence  at  the  beginning  and  end  of  the  rainy 
aaaaon.  Where  the  soil  is  suftciently  porous,  breeding  places  may  exist  only 
daring  the  saaenn  of  heaviest  rains. 

Wherever  surface  water  drainage  is  poor  Iwcanse  of  high  sulwoil  water 
Ie  *e|  or  iton|»>rooM  soil,  mosquito  breeding  is  most  j>rolitir.  This  is  es|ieciall,v 
true  in  river  rallry  lowlands  ami  in  coastal  swampy  areas.  Tlie  hahii*  of  tlie 
two  important  malaria  vectors  are  such  that  tlie  mosquitoes  take  <piH*k  ad- 
vantage  of  aianmade  Imeding  |dacrs.  Tliis  explains  tlie  occurrence  of  "man¬ 
made  malaria”  in  this  area. 
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Falciparum  mulnrm  prevails on  Xwt  Guinea, although  tlieve  is considerable 
variation  from  place  to  place.  IVivw  malaria  is  also  common.  Quartan  malaria 
is  seen  infrequently,  but  a  small  focus  existed  at  one  time  lietween  Morolie  aiul 
lluna  on  the  Mainlxire  Iliver. 

The  clearing  of  vegetation  for  rump  and  airfield  construction  is  likely 
to  be  attended  by  a  sudden  increase  of  malnrinl  vectors,  which  are  sunlight 
breeders,  unless  s|iecinl  cure  is  taken  to  minimize  the  occurrence  of  artificial 
depressions  in  which  they  may  collect  (map  •‘VO).4 

Range  of  malaria.— In  Now  (hiiiien.  iiiiilarin  is  endemic  to  hyp»rei identic 
throughout  tlie  coastal  district  mid  the  smaller  islands.  In  areas  with  well- 
marked  dry  seasons,  such  as  Port  Moresby,  which  ure  ex  |  sued  to  (lie  full  force 
of  the  southeast  trade  winds,  on  tlie  south  const  of  New  Gninea,  malaria  shows 
a  market)  seasonal  incidence,  with  transmission  1  icing  at  its  maximum  sltortly 
after  the  end  of  tlie  wet  season  and  minimal  or  absent  during  the  later  part 
of  the  dry  season.  In  more  sheltered  situations,  transmission  is  perennial, 
though  it  may  fall  olf  wlten  tlie  breeding  grounds  are  fluslted  out  by  heavy 
storms  during  tlie  summer.  Miliaria  appears  to  be  aheent  from  tlie  higher 
inland  country  at  an  altitude  of  3,<N»  to  4,000  feet  or  more,  but  in  high  altitudes, 
fatigue  and  rigors  of  travel  an*  particularly  liable  to  provoke  relapses  of  in¬ 
fect  ion  contracted  on  tlie  coast.  In  limited  areas,  that  is.  Port  Moresby, 
Samurai,  and  Rabaiil,  a  considerable  degree  of  control  liad  been  formerly  es¬ 
tablished,  but  it  had  lapsed  with  the  Japanese  invasion.  Even  in  the  Port 
Moresby  area,  though  there  had  been  much  work  done  for  malaria  control, 
the  Australian  troops  stationed  in  that  area  from  January  to  June  IMS 
suffered  an  infection  rate  of  approximately  50  percent.* 

Fin»,  falciparum,  and  quartan  malaria  are  all  present  in  New  Guinea, 
the  proportions  varying  in  different  areas  and  in  different  seasons,  but  f atrip- 
arwm  infections  predominate.  The  effect  of  malaria  is  greatest  among  newly 
arrived  Europeans,  and  high  mortality  and  morbidity  rates  are  encountered 
among  them.  The  arrival  of  Europeans  in  a  given  area  is  usually  followed 
by  an  increase  in  the  virulence  of  the  disease,  and  in  turn  this  increased  viru¬ 
lence  adversely  affects  the  nonimmune  native  population.  In  1040,  between 
14  and  10  percent  of  all  European  hospital  admissions  were  for  malaria  and 
blackwater  fever.  The  spleen  rate  among  the  natives  was  between  35  and  80 
percent,  but  in  soum  region*,  almost  100  percent  of  the  natives  had  malaria. 
The  peaks  of  the  malaria  season  usually  occur  in  January  and  February,  and 
in  May  and  June.  The  spleen  indices  in  the  various  districts  of  the  New 
Guinea  mainland  (1986-37)  were  ae  follows:  Sepik  District:  43.1;  Madang 
District,  83.4 ;  and  Morobe  District,  85.3.  Occasional  cases  of  blackwater  fever 
are  observed,  particularly  among  the  Europeans. 


•  BiaHk  lilt  Dkm  la  M*  Oateaa.  Alette,  Burt  ut  Tnyii  lifineiUn  Crater:  Brgteall 
MaUteal  StaStea.  A  aril  IM«. 

■Sent  Mag  I.  M.  XMtenu,  Met  teal  Kal— i«l»ate*.  Aaatrattea  Xrmj,  Mate*  aa  Maa*aita-Haraa 
IS . la  iamiHk.  IMS. 
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Malaria  is  also  widely  distributed  throughout  Papun  and  the  adjacent 
group  of  islands.  Along  the  greater  part  of  the  coastal  region  of  Papua,  as 
well  as  in  most  of  tlie  islands,  malaria  is  hyperendemic.  The  incidence  of  the 
disease  is  also  high  in  the  central  highlands  of  tlie  mainland.  In  tlie  mountain¬ 
ous  country  above  2.000  feet,  it  falls  to  a  minimum.  The  malaria  problem 
in  Papua  is  essentially  the  same  as  in  tlie  Territory  of  New  Guinea,  with  the 
notable  exception  of  Port  Moresby.  At  Tort  Moresby,  there  is  a  well-marked 
dry  season  from  May  to  January,  with  only  ulmut  -‘V)  inches  of  rain  per  year, 
and  though  the  incidence  of  malaria  is  high  in  this  region,  there  is  a  notable 
drop  during  tlie  latter  half  of  tlie  dry  season.  Malaria  is  hyperendemic  in  the 
island  groups  of  D'Entrecasteaux  and  Amphlett.  It  is  highly  endemic  in 
the  Trobriand  Islands,  the  Louisiade  Archipelago,  and  tlie  Woodlark  Islands. 

The  mainland  of  New  Guinea,  and  its  outlying  islands,  will  he  considered 
in  more  detail  under  the  following  divisions : 

1.  The  Mandated  Territory  of  New  Guinea  and  its  associated  islands. 

2.  Papua  and  its  adjacent  islands. 

3.  Netherlands  New  Guinea. 

The  Mandated  Territory  of  New  Guinea 

The  territory  includes,  in  addition  to  a  large  area  on  the  New  Guinea  main¬ 
land,  the  islands  of  New  Britain  and  New  Ireland,  the  Admiralty  Islands 
(Manus),  Bougainville  and  Buka  in  the  Solomon  Islands,  and  numerous 
smaller  islands. 

Malaria  is  prevalent  throughout  the  Territory — in  many  parts,  especially 
in  the  coastal  regions,  it  is  highly  endemic  or  hyperendemic. 

It  is  reported  that  at  Kokopo  near  Rabaul  (New  Britain)  82  percent  of 
the  European  morbidity  was  caused  by  malaria,  with  many  esses  of  black  water 
favor. 

A  hugs  part  of  the  infant  mortality  is,  directly  or  indirectly,  doe  to 
malaria,  and  k  appears  to  be  one  of  the  main  factor*  in  the  depopulation  of 

certain  parti  nf  Melanesia. 

Except  in  limited  arena,  as  at  Bahaa]  and  the  larger  settlements  where 
the  control  of  vector*  has  been  effective,  new  arrivals  are  usually  quickly 

Splsak  tndtcss. — Patrol  reports  in  1884,  coming  the  examination  of 
93/MO  nativea,  ahowad  the  avenga  spleen  rata  in  children  to  bs  80  percent  for 
ties  Territory  generally. 

The  following  aplenic  indices  are  for  the  greatest  part  examinations  mads 
in  1980-37,  though  a  few  are  from  earlier  reports : 


HtwOetaea 


district.. 

Sistrict. 


4X1 

B.4 

S.I 


520 


COMMCNICAM.K  D1SKASKS 


New  Britain: 

Guielle  Peninsula  __ 

Talasea  district _ 

Waloofft  district-.. 
New  Ireland: 

Karlens  district 
Xnmatnnal  district. 
Botonion  Islands : 

Kleta - 

Buka  Passage - 

Duke  of  York  Group _ 

Admiralty  Islands: 

listing _ 


Sptrsjr 

iuMIcta 

23.1 

40 

32 


34.3 

32.1 


Kl.  2 
24.7 
3(1 


33 


Relative  frequency  of  poraaitea.— Fcici/Htrvm,  rivas,  and  quartan  para¬ 
sites  are  found,  the  proportions  varying  in  different  areas  and  at  different 
seasons.  Since  many  reports  of  relative  parasite  frequency  are  gathered  from 
examination  of  hospital  patients,  it  would  appear  that,  in  these  patients,  the 
reported  frequency  of  falciparum  may  be  higher  than  that  prevailing  among 
the  general  population,  as  this  type  more  frequently  requires  hospital 
treatment. 

Examinations  at  the  Rabaul  Laboratory  (1035)  showed  the  following  rela¬ 
tive  frequencies  for  whites  and  natives : 


JNMn 

Whites:  /resets op 

nuasMais  fmtdpmrum _  TB 

flMaellMS  sle— _ _ 24 

Quartan - I 

Mixed. .  0 

Natives: 


/Wcipsrsai. 
sis—. _ 


Mixed. 


31 

4 

T 


The  variation  in  the  relative  frequency  of  parasites  in  different  an—  can  ha 
seen  in  the  results  of  surveys  conducted  in  the  North  Coast  aad  the  Dnke  of 
York  Group. 

mmm  nma 
4—  rets 

Xerth  Oeast:  U 

ftmmrn dtaas  /—pan— - -  »  _ 


Quart— _  ..  _ 

Mixed _ _ _ 

Duke  of  Ysrfc  Ore—:  SS 


NassaHm  sis— — .  21 

Q— rt— . a 

Mixed _ M 
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In  New  Ireland,  quartan  maluria  has  not  l*en  found.  Falciparum 
malaria  is  more  common  than  virtue,  and  mixed  infections  are  not  rare. 

Black  water  fever. — A  number  of  cases  of  blackwater  fever  arc  reported 
each  year.  Administration  records  for  1936-37  show  12  cases  with  3  deaths. 
The  incidence  is  less  than  in  the  early  days  of  the  Morobe  goldfields,  when  a 
poorly  nourished  Kurojiean  imputation  suffering  from  neglected  malaria  was 
engaged  in  very  hard  physical  labor.  Any  alteration  in  circumstances  which 
tended  to  produce  such  a  combination  of  conditions  resulted  in  a  fatal  outbreak 
of  blackwater. 

Sea  eenal  prevalence  ef  malarial  attache. — I  ley  don,  at  Babaul,  found 
that  in  white  residents  the  maximum  of  malarial  attacks  occurred  in  January 
and  February  and  in  May  and  June,  with  the  minimum  in  September  and 
October.  He  considered  that  the  height  of  the  May  -.Tune  rise  might  be  due  to 
the  cooler  weather  disposing  to  relapses. 

Positive  blood  examinations  in  Rahaul  also  showed  a  minimum  toward 
the  end  of  the  dry  season  and  a  maximum  about  May.  The  latter  rim  was 
due  to  falciparum  infections. 

Brennan,  in  1935,  considered  that  there  was  a  variation  in  virulence  of 
falciparum  strains  endemic  in  various  parts  of  the  Territory.  Casea  of  falci¬ 
parum  malaria  contracted  in  some  parts  were  much  more  severe  than  those 
in  others.  This  severity  was  quite  independent  of  the  number  of  parasites 
present  in  films. 

Australia*  Papua 

Papas  sad  its  adjaesat  Islaada.  The  Australian  Territory  of  Papua 
eompriam  the  large  ana  in  the  southeastern  part  of  the  New  Guinea  mainland, 
sad  the  great  island  archipelagoes  scattered  to  the  eaW  the  Loairisdm,  the 
D'Entrecasteaux  group,  and  the  Trobriand  Islands. 

Malaria  is  hjperradeuaic  in  a  great  part  of  the  coastal  region  of  the  main¬ 
land,  aa  weD  as  in  a  huge  number  of  the  associated  islands.  Tim  incidence 
is  lower  in  the  central  highlands  of  the  mainland  and  falls  to  a  nrininsnai  is 
the  mountainous  country  above  2JI00  fast. 

The  Port  Moresby  ana  differs  sharply  from  the  net  of  the  island  in  that 
it  Hat  within  a  Mall  “raiasbedow”  none,  with  only  about  30  inches  of  ram 
par  annum,  with  a  well  marked  dry  season  from  May  to  January,  and  with 
nBmnti  and  vegetitiou  rumbling  them  of  northern  Australia  rather  than  the 
rest  of  the  island.  Nevertheless,  there  has  been  a  high  rate  of  aealarial  iufsctiou 
bath  in  the  natives  formerly  present  and,  mom  recently,  is  the  troupe  Rationed 
than.  The  climate  peculiarities  of  thia  ana  are,  however,  of  considerable 
practical  importance,  for  it  is  likely  that  tnmsrmeeioo  of  malaria  does  not 
occur  during  the  latter  half  of  the  dry  me  eon. 

In  the  mountainous  D'Entrecasteaux  group,  every  island  is  subject  to 
hypamdemifl  malaria.  The  population  (about  3 ifiOO  natives)  practically 
all  live  an  tbs  narrow,  low-lying  coastal  fringe  of  the  hugs  islands  where 


522 


OUMMI'MI'AULK  IHMKAMK8 


anopheline  vectors  breed  freely.  All  newcomers  are  infected,  und  black- 
water  fever  and  malignant  cerebral  forms  have  been  common  among  the  few 
white  residents.  Habitation  ceases  at  aliout  2,000  feet,  for  the  mountain  slopes 
above  that  level  are  infertile,  but  high  spleen  rates  are  encountered  to  that 
limit. 

The  Ainplilett  Group,  a  cluster  of  small  steep-sided  mid  rocky  islands  to 
the  northeast  of  Fergusson  Island  (D'Entrecasteaux ),  also  shows  by|ierendemic 
malaria  in  the  scattered  villages  which  nestle  at  the  base  of  the  cliffs.  Here, 
auopltelines  breed  freely  in  (tools and  soakages. 

In  the  Trobriand  Islands  (Kiriwina,  Kitava,  Kaileuna,  and  Ynkuta), 
malaria  is  endemic  throughout,  hut  does  not  reach  the  rates  of  the  neighbor¬ 
ing  D'Entrecasteaux  group.  Tin*  spleen  rates  in  children  are  in  tlie  vicinity 
of  10  percent  in  most  villages,  rising  to  a  maximum  of  30  percent  in  a  few 
places. 

The  small  island  of  Santa  nil,  tlie  administrative  station  for  I  lie  eastern 
division  of  tlie  Territory  of  Papua,  has,  by  assiduous  control  measures,  been 
entirely  freed  from  malaria.  The  close-lying  heavily  wooded  islands,  the 
Rogeia,  Sariba,  and  Basilaki,  outside  the  spliere  of  this  control,  however,  ere 
malarious  (splenic  indices — Kogeia  48,  in  1938).  The  neighboring  part  of 
the  mainland,  the  Milne  Bay  area,  is  also  hyperendemic  and  was  regarded 
by  oldtimers  of  Papua  as  one  of  the  worst  malarial  areas  in  the  eastern  division. 
Splenic  indices  of  71,  80,  and  98,  respectively,  were  found  in  three  villages  on 
the  swampy  southern  shoreline  of  Milne  Bay  and  of  56,  in  a  village  near  East 
Cape.  At  Buna  on  the  northeastern  coast,  the  disease  is  also  hyperendemic, 
a  splenic  index  of  68  being  reported.  In  both  the  coastal  area  of  this  eastern 
extremity  of  the  New  Gainea  mainland  and  the  neighboring  islands,  black - 
water  fever  and  cerebral  malaria  hare  taken  a  heavy  toll  of  the  scanty  white 
population. 

In  the  scattered  Maude  of  the  loeiaiade  Archipelago,  malaria  is  endemic 
throughout.  At  Mieinm,  the  main  island  of  the  group,  for  many  years  there 
haa  bum  a  large  concentration  of  native  laborer!  employed  in  the  mining 
industry.  These  laborers  hare  been  brought  from  various  puds  of  the  Terri¬ 
tory,  with  the  consequent  introduction  of  new  strains  to  aa  Maud  which  al¬ 
ready  shared  the  high  malarial  incidence  of  the  new  group. 

At  Woodlark  Island  (Marne),  malaria  is  aim  present.  The  Maud  is 
heavily  wooded,  the  lower  parts  with  thick  amngrovs.  The  rainfall  is  heavy, 
bat  the  higher  ground  is  wall  drained,  and  malaria  is  said  to  be  consequently 
rarer  on  the  higher  parts,  though  prevalent  at  Boaagai,  the  pant  on  Kwmiapnn 
Bay. 

NetMerUmdt  New  Gmmm 

Netherlands  New  Guinea  comprises  a  few  mall  scattered  settlements 
along  the  coast,  and  large  tracts  of  unexplored  territory  in  the  interior  of  the 
island,  inhabited  only  by  unedarated  savages.  There  has  never  been  any  well- 
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integrated  lienltli  organization,  and  information  concerning  disease  is  sennty. 
Before  Japanese  oceU|mtio*i,  there  were  six  government- paid  plivsici  ms  on  the 
isliind  located  at  Meranke,  Fnkfak,  Manokwari,  Ilollandia,  Sonmg,  and 
Wissel-meren.  In  addition  to  practicing  curative  medicine,  these  doctors 
cooperated  with  local  civil  authorities  to  enforce  elementary  sanitary  measures 
in  their  areas.  These  physicians  were  responsible  to  the  health  officer  in 
Amlaiii.a,  who,  in  turn  was  resjuaisible  to  a  regional  officer  in  Makasar.  This 
officer  was  res|M>nsihle  to  tlie  head  of  the  Pnblie  lienltli  Service  of  the  Nether¬ 
lands  East  Indies  in  Djakarta. 

The  prevalence  of  malaria  in  the  coastal  regions  can  be  ascertained  to 
some  extent  imni  surveys  in  which  th?  splenic  indices  of  natives  in  many 
small  villages  were  obtained  (table  73). 


Tabi.K  73.  Spfrmir  imiifr*  in  nntivrn  of  S  rlkrrlumt*  Xrtr  (iuimrti 
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Xjao. 

mi 

53 

ao 

30 

87 

8abron..  .  . .. 

mi 

47 

77 

42 

too 

flbunnl . 

11*31 

I2» 

82 

44 

65 

hwtan  Wwrf 

1*37 

as 

30 

55 

51 

Geehimk  bmmi 

Dmh* .  .  . 

mi 

83 

U 

51 

88 

Maaaboai.  . ..  . 

IMI 

54 

53 

40 

43 

MM .  .. 

ms 

77 

32 

ao 

98 

Ittl 

M 

88 

1  43 

100 

Nappaa . .  . 

ms 

•1 

88 

•3 

84 

NiaH . 

mi 

m 

81 

78 

54 

Nopoaai _  _ 

mi 

73 

13 

09 

53 

FWadoi  .. 

mi 

70 

84 

88 

83 

HafaU.. . 

mi 

85 

72 

84 

77 

BamuiH.... . 

mi 

50 

70 

30 

87 

Wainori 

mi 

40 

77 

SO 

70 

Waator  . 

m2 

71 

75 

88 

84 

Warn.  ...  . 

mi 

100 

50 

•» 

88 

Wetnaini  ...  .  .  . 

m2 

81 

88 

43 

«3 

WlaMai.. 

m2 

•4 

83 

87 

84 

Wbia«gJ .  . . 

ms 

ao 

88 

58 

81 

VnU. . .  . 

mi 

100 

S3 

75 

57 

iMlnMitMliCMki 
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Table  73. — Sptrnir  indirt *  in  natirc*  of  Srtkrrtandn  St ir  Gut  nr n — ('out  Bilk'd 


Adults  I  ('lilMrvti 


Location 

Y*nr  | 

Xuml*T 

ohurrvcd 

I'mititw  j 
4|»fc>cninik*vJ 

Numlat 

ofornnl 

l*«Tcrn 

|4iiiiiniirx 

Xortk  Cmi/  of  Wyetkop 

! 

Amini _ _ _  _  -  _ 

11KU 

!W 

7K 

2s ; 

1)0 

Tandjorng  Fanindi _ 

11(31  l 

SO 

S3 

so  ; 

H4 

Makcbon . . . . 

1934 

20 

M 

23 

1)0 

Manoot _ _ _ _  _ 

11(31 

311  1 

72 

SamfiTwori . . . . 

UK)  1 

1)2 

S!)  i 

00  1 

9H 

WasaJonL  _ 

1931 

1)1 

70  J 

02 

90 

. . . . . . 

11134 

90 

NO 

90 

100 

South  Coat!  of  VopeHop 

Inanwatan . 

11(34 

02 

74 

Jahadiang . 

1933 

- . 

1*1 

7K 

Kiimpwug  Barwe . . . 

urn 

.....  _ 

117 

SH 

Konda. .  _  _  . 

1933 

. . 

...... 

73 

61 

Mogrtcmin . -  _ 

lieu 

_  .  -  -  . 

.....  .  . 

35 

71 

1934 

111 

70 

Saga . .  . 

1934 

.... 

H3 

93 

1933 

24 

75 

Weraar  . 

1083 

M 

OK 

Ttlmtk  Btrmot 

1082 

24 

50 

1084 

81 

75 

Jkbti . .  . . 

1933 

90 

37 

Kokas . 

1931 

54 

44 

Arporm-hmoi 

Midlwa _ 

1933 

24 

58 

Kawatawrra . . 

1933 

57 

47 

1933 

87 

87 

Mk  Cotut  la  Aiotkt-Kioitr 

Atocka  I . . 

1983 

89 

3 

Atocka  II . 

1938 

20 

58 

If  f 

1983 

35 

89 

Kcakwa . . 

1988 

_ ..... 

55 

38 

Kokraaa  llfaalka  . . . 

1983 

75 

31 

1084 

24 

70 

1098 

33 

70 

Trtawri .  .  . . 

1934 

S3 

95 

Timocka  _  ..  _ 

1938 

_ _ 

115 

57 

Waupoeka . . 

1933 

SO 

4 
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The  entire  northern  coast  and  the  southern  coast  of  Yogelkop  are  highly 
endemic  areas.  The  vectors  most  frequently  found  are  A.  punctulatus  and 
Anopheles  furauti  Anopheles  bonrrofti  Giles  is  not  found  on  the  northern 
coast*  On  some  parts  of  the  soutliem  coast  (between  Knimana  and  Atoeka), 
owing  to  the  great  height  of  tides,  there  are  no  suitable  breeding  places  for 
mosquitoes,  and  some  villages  are  nearly  free  of  mnlnria.  In  the  Meniuke 
area,  perhaps  owing  to  the  existence  of  a  definite  dry  season  between  June  and 
December,  the  incidence  of  malaria  is  low,  although  A.  fnrauti  breeds  there  in 
large  numbers  during  the  rainy  season.  In  the  Mnniberamo  liivier  valley, 
mnlarin  is  highly  entlemic.  Tanahmerali,  in  tlie  southern  part  of  tlie  island, 
was  formerly  a  highly  endemic  area,  but  in  recent  years,  tlie  Dutch  authorities 
had  reduced  the  incidence  of  tlie  disease.  Mountainous  areas  are  not  necessarily 
free  from  malaria  since  A.  farauti  has  been  reported  at  heights  of  .*1/100  feet. 
However,  there  is  very  little  malaria  in  the  Zwart-vallei  (3/00  feet  high). 
An  exploration  party  in  the  southwestern  part  of  tlie  central  mountains  of 
New  Guinea  remained  for  months  completely  free  from  malaria. 

All  three  forms  of  malaria  are  found,  but  viva*  malaria  is  by  far  tlie  most 
common,  representing  probably  from  75  to  80  percent  of  malarial  infections 
among  natives  at  Manokwari,  Seroei,  and  Babo  * 

The  Philippines 

The  more  than  7,000  islands  of  tlie  Philippines  may  he  grouped  into  four 
tnain  divisions.  Eleven  of  the  largest  islands  constitute  more  than  M  percent 
of  the  total  area;  only  2,441  of  tlie  islands  have  names.  The  islands  extend 
1,152  miles  north  and  south  and  688  miles  east  and  west.  The  combined  lam! 
Stres  is  115/00  square  miles.  The  climate  is  distinctly  tropical.  The  average 
rainfall  is  03  inches. 

The  climate  of  the  Philippines  is  hot  and  moist.  Average  temperatures 
are  in  tha  neighborhood  of  80°  F„  and  the  words  “summer’’  and  “winter”  have 
little  meaning.  The  difference  between  the  highest  and  lowest  monthly  aver¬ 
ages  at  coastal  stations  is  usually  only  a  few  degrees,  and  is  seldom  as  great  as 
10  degrees.  Inland  stations,  at  a  higher  elevation,  are  much  cooler  than  those 
on  the  coast,  and  have  a  smaller  annual  range.  The  seasonal  distinctions  in  the 
Philippines  depend  on  precipitation  rather  than  on  temperatures  and  separate 
the  year  into  a  dry  season  and  a  wet  season,  with  the  difference  between  the  two 
periods  decreasing  toward  the  south  and  east.  Seasonal  wind  shifts  or  mon- 
soons  (northeast  in  winter  and  southwest  in  summer)  cause  the  wet  and  dry 
seasons  to  occur  at  different  times  on  the  east  and  west  coasts.  The  east 
coasts  have  their  rainfall  maximums  in  winter  (October  to  January)  ami  a 
relatively  poorly  defined  dry  season  in  early  summer.  West  coast  stations  have 
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ii  pronoun  ml  wet  period  in  summer  and  a  dry  period  in  winter.  In  the  extreme 
south  I  Davao,  Mindanao),  there  is  u  double  iiinxiiitittii  of  rainfall.  May  or 
J une,  and  Octolier.  Typhoons  occur  most  frequently  lietween  J uly  and  Novem¬ 
ber  and  often  do  great  damage  liecuuse  of  their  force  nnd  t lie  torrents  of  ruin 
which  niuy  itcoompany  them. 

Thirty-two  s) levies  of  anophelitte  mosquitoes  have  been  recognized  in  the 
I’hilippiitesits  follows: 

1.  .4.  an, atlas  lKiutti  1002 

2.  ailkraii  James  1003 

3.  ailkraii  hraftalrasls  I'nrl  1030 

4.  usaataris  Van  iter  Wnlp  1SS4 

.1.  tir.il  Hater  IIKEt 

11.  hmrbirrmlnt  Van  iter  Wnlp  1S84 

7.  t-rialala*  Kina  aisl  Bataan  1930 

s.  plipiaar  Manalon*  1890 

0.  trail  ri  Hainan  1030 

10.  fiftt  /iiraOTtt  Ludlow  11100 

11.  bun-amts  pstatlttslaiasi*  llatsas  1905 

12.  ia*almPoram  Hweltenart+iel  and 

8wrllnme<iet  de  (iraaf  1010 

13.  kmrtrmri  Jaaten  1900 

14.  it  ark  I  INmtla  1901 

15.  tiJaalarmrwif  Hainan  1982 

16.  trstrri  Baiaaa  and  Hn  1930 

17.  U‘tsrttmpkpra*  trhttmdi  Baiaaa 

19311 

On  the  basis  of  accumulated  evidence,  only  four  species  of  rnnopkeline 
mosquitoes  have  been  blamed  in  the  transmission  of  malaria.  The  most  active 
transmitter  is  Attopkrh*  minim**  finvirv*tri*.  a  member  of  the  f *  nr at**- mini- 
mu*  subgroup.  The  otlier  t  wo  members  of  the  subgroup,  Anopkrha  mangy**** 
and  Anophek*  jttipmae  are  of  secondary  importance.  AnopktJt t  macwlntw 
is  a  doubtful  vector.  Anopkelr*  f*mro*tri*  ia  a  stream  bleeder,  definitely  pre¬ 
ferring  clean,  fresh,  flowing  and  slightly  shady  water  and  with  the  presence 
of  bamboo  sboots  or  roots.  Consequently,  malaria  is  a  disease  of  the  foothilk 
and  is  not  seen  in  the  lowlands  or  rice  fields  and  does  not  appear  above  eleva¬ 
tions  of  2^000  feet.  It  was  not  until  this  fact  was  fully  appreciated  that  any 
progress  was  made  in  malaria  control.  When  there  are  pronounced  wet  and 
dry  seasons,  malaria  will  appear  in  two  waves  each  year  at  the  change  of  tbe 
seasons.  Where  such  masons  are  not  pronounced,  malaria  is  perennial.  It 
haa  been  suggested  that  the  prevalence  of  malaria  in  tlie  foothilk  has  been 
partly  responsible  for  the  maintenance  of  ethnologic  distinctions  between  the 
hill  people  and  those  from  the  plains.7 


IS.  .1.  Itantsphprat  It  aetjapk/tr**  Itoliltx 
1901 

19.  tramspk  *ra*  ripari*  Klnt;  mid  Hainan 

lima 

20.  liaptaapi  ht  *g*i  tr**la  KliilC  1951 

21.  Illoraiis  Kins  ll«2 

•22.  taPlmcf  Theobald  19HR 

23.  marital**  Thmliald  1901 

24.  mttappaaas  llunkn  Him 

2-*.  minima*  parln, stria  Luillow  ]0t-*l 

29.  nipt  rrimus  (illm  1900 

27.  paraaprasis  Ludlow  11114 

25.  pklltppiarasia  Ludlow  11912 

29.  paraPobmrMrosIria  Ludlow  1902 

3ft.  aabpirla*  inPrp alia*  Ludlow  1904 

31.  leasrllmla*  Theobald  1901 

32.  rap a*  llmo am*  Klua  1*82 
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MEDICALLY  IMPORTANT  MOSQUITOES  OF  THE 
SOUTHWEST  PACIFIC 

Anopheles 

Anopheles  amictus  Edwards  is  found  in  Queensland,  northern  Australia, 
and  Australian  Oceania.  Subspecitic  variants  are  Anopheles  amictus  amictus 
Edwards  and  Anopheles  amictus  hilli  Woodliill  and  I^ee.  I^arvae  breed  in 
■hady  or  sunny  swamps.  Anopheles  amictus  hilli  is  more  often  found  in  brack* 
iah  water  and  .1.  amictus  amictus  in  fresh  water.  Adults  take  human  or  animal 
blood.  Sporozoite-infected  A.  amictus  hiUi  lias  been  rejwrted  from  Queens¬ 
land. 

Anopheles  annulipes  Walker  is  found  in  Australia  and  Tasmania  up  to 
1,200  meters  and  in  Australian  Oceania.  Snbejjecific  variants  are  Anopheles 
annulipes  annulipes  Walker  and  Anopheles  annulipes  mustersi  Skuse.  larvae 
are  found  in  shallow  ground  and  rock  pools,  usually  in  fresh,  sometimes  brack¬ 
ish  water.  Adults  feed  avidly  on  man.  No  natural  infections  have  been  re¬ 
ported,  but  the  insect  has  been  suspected  in  one  or  two  areas. 

Anopheles  bancrofti  Giles  is  distributed  throughout  Polynesia,  Australian 
Oceania,  northern  Australia  and  Netherlands  New  Guinea.  Subspecilic  var¬ 
iants  are  Anopheles  bancrofti  bancrofti  Giles  and  Anopheles  bancrofti  pseudo- 
harbirostris  Ludlow.  Larvae  breed  in  permanent,  still,  abundantly  vegetated 
ponds  and  pools,  generally  well  shaded.  Anopheles  bancrofti  ordinarily  feeds 
at  night  but  sometimes  feeds  avidly  on  man  in  the  daytime.  Oocysts  have  been 
found  in  A.  bancrofti  bancrofti,  but  no  sporocoites  have  been  reported. 

Anopheles  bancrofti  is  found  in  the  interior  of  New  Guinea  and  along  the 
southern  coast  but  not  on  the  northern  coast.  It  is  found  in  large  numbers 
at  Tiinahmerah,  at  Kloofbivak  on  the  Loren tz-Rivier,  at  Merauke,  at  Ktna- 
Baai,  and  at  Prauwenbivak.  An  infection  rate  of  4.3  percent  was  reported 
at  Tanahmerah. 

Anopheles  f atraut  i  Lave  ran  1002  is  found  in  the  coastal  areas  of  Moluccas 
east  to  New  Hebrides  and  south  to  20°  south  latitude.  Synonyms  are  Anoph¬ 
eles  punetulotus  famuli  La  reran.  Anopheles  pssnctulatus  moluccensi ir  Swel- 
kapey  and  Swellengrebd  de  Great,  Anopheles  format*  format*  La  reran, 
and  Anopheles  format*  moluccensi*  Swellengrebd  and  Swellengrebel  de  Graaf. 

Larvae  breed  in  ground  pools  of  all  varieties,  including  pools  in  sand, 
muck,  coral,  tracks  of  vehicles  and  animals;  in  grassy  margins  of  sluggish 
streams,  mangrove  swamps  with  abundant  flotage,  and  surface  wells;  and  oc¬ 
casionally  in  brackish  water  and  at  times  in  containers.  Anopheles  farauti 
has  been  reported  at  heights  up  to  3^500  fret.  Adults  feed  on  man  or  animals, 
attack  warily  but  persistently  at  any  time  between  dusk  and  dawn,  ami  fre¬ 
quent  human  habitations. 

Anopheles  farauti  is  an  important  vector  of  malaria  throughout  its  range 
and  is  the  only  one  in  the  New  Hebrides.  Numerous  gut  and  gland  natural 
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infections  of  .1.  farauti  have  been  reported  with  sporozoite  indices  u]>  to  5  or 
0  percent.  Anopheles  farauti  is  also  an  important  vector  of  likrinsis  in  the 
Solomons  and  New  Hebrides. 

Gut  and  gland  infection  rates  of  13  percent  were  reported  at  Tnnnhnierah. 
This  species  is  the  most  important  vector  in  eastern  Xew  Guinea,  the  Solomons, 
and  New  Hebrides. 

In  the  Philippines,  Anopheles  macula/us  Theobald  is  found  chiefly  in  dear 
running  water  of  mountain  streams  well  exposed  to  the  sun,  often  on  an  op¬ 
posite  bank  from  A.  minimus  flaviroslris,  the  latter  along  a  more  shady  edge. 
Anopheles  maeulatus  is  often  found  in  seepage  water,  springs,  and  shallow 
wells.  Adults  feed  on  man  and  auimuls  and  frequent  humnn  dwellings. 

Anopheles  maeulatus  ranges  from  Ceylon  through  India  to  South  China 
and  Formosa,  thence  south  through  Malaya  and  the  Philippines  to  the  Sula¬ 
wesi.  Anopheles  maeulatus  is  an  important  vector  in  Malaya  but  is  of  only 
minor  importance  in  the  Philippines  and  elsewhere  in  tlie  Southwest  l'ucilic. 

Anopheles  mangyanus  Banks  is  found  in  the  Philippines.  Larvae  breed 
usually  in  clear  flowing  and  shaded  water.  A  nopheles  mangyanus  has  been 
found  naturally  infected  with  sporozoites.  Anopheles  mangyanus  is  associ¬ 
ated  with  .t.  minimus  fhieirostris  in  the  t ransniission  of  malaria  in  tlie 
Philippines. 

Anopheles  minimus  flaviroslri*  Ludlow  is  found  in  tlie  Philippines  and 
south  to  Djawa.  Larvae  breed  along  margins  of  clear  flowing  water,  generally 
somewhat  shaded,  usually  in  tlie  foothills,  and  not  above  2,0(10  feet  altitude, 
ami  not  on  tlie  plains  more  than  a  mile  or  so  distant  from  hills.  Adults  enter 
houses  at  night  to  feed  on  man  but  are  often  found  inside  habitations  in  the 
daytime.  They  prefer  earthy  resting  places  such  as  undercut  lianks  of  streams. 
Adults  take  cattle  blood  readily.  Anopheles  minimus  flarimstris  has  been 
found  naturally  infected  in  tlie  Philippines  where  it  is  the  chief  vector  of 
malaria. 

Anopheles  punehdatus  Donits  is  distributed  throughout  Melanesia  north 
to  20°  south  and  west  to  170°  east,  and  west  to  Sulawesi  and  northern  Australia. 
Larvae  am  found  primarily  in  ground  pools.  Anopheles  punctulatus  is  domi¬ 
nant  where  soil  is  heavy  clay  while  A.  farauti  tends  to  replace  it  where  the  soil 
is  ss'  d  or  muck.  For  example,  along  the  sandy  coastal  strip  north  of  Oro 
Bay  only  A.  farauti  was  found  but  around  Milne  Bay  where  there  are  both 
clay  and  sandy  areas,  both  species  were  found.  Pools  formed  in  the  tracks  of 
vehicles  and  animals  were  notable  breeding  places,  especially  around  army 
camps.  Larvae  were  also  taken  in  bomb  craters,  hog  wallows,  intermittent 
streams,  grassy  pools,  and  ditches;  more  rarely  in  mangrove  and  sago  swamps, 
in  tin  cans,  and  rarely,  in  brackish  water.  Larvae  wen  not  found  in  tree  holes, 
cocoanut  shells,  or  foul  water,  as  a  rule.  Adults  take  human  blood  avidly  and 
also  animal  blood.  They  frequent  human  habitations  and  feed  mostly  after 
2100  hours.  The  bite  seldom  causes  irritation. 


SOUTHWEST  PACIFIC  AREA 


:.jo 


Naturally  acquired  infections  in  A.  punctu/atu*  hare  been  reported  from 
New  Guinea,  New  Britain,  and  Guadalcanal.  Anopheles  punctulatu s  is  also 
a  rector  of  filariasis. 

This  species  was  often  found  in  settlements  recently  cleared  of  forests 
but  was  rarely  taken  in  the  Upper  Digorl  region.  In  northern  New  Guinea, 
infection  rates  were  1.5  to  5.0  percc  ‘ 

Anopheles  subpietus  indefinite s  Ludlow  occurs  in  Indonesia  to  the  Sula¬ 
wesi,  in  Borneo  and  the  Philippines,  in  Guam  (since  World  War  II),  and 
possibly  in  Formosa.  The  form  taken  in  New  Guinea  and  parts  of  Melanesia 
may  be  a  subspecific  variant.  Larvae  taken  in  Melanesia  hare  often  been  found 
in  brackish  as  well  as  in  fresh  water  pools,  and  in  marshes  and  swampe.  Adults 
prefer  animal  blood  but  occasionally  feed  on  man.  The  form  taken  in  Mela¬ 
nesia  and  New  Guinea  may  be  a  secondary  vector,  as  suspected  in  Papua,  but 
natural  infections  were  not  reported  in  tlie  Southwest  Pacific. 

Aeies 

Aedes  aegypti  Linn  ranges  |>erenninl1y  in  the  hnmid  parts  of  the  world 
wherever  larva  habitats  do  not  freeze.  .1  rdes  aegypti  is  distributed  throughout 
the  Southwest  Pacific  in  coastal  sections  and  has  sometime*  been  called  the 
"mosquito  of  seaports.”  Larvae  are  found  in  peridomeetic  containers,  such 
as  roof  gutters,  horse  tanks,  barrels,  bottle*,  cans,  and  tire  casings,  sometimes 
in  leaf  axils,  rarely  more  than  1,500  feet  from  habitations.  Adult  has  short 
flight  range,  is  house- haunting,  and  feeds  avidly  on  humans,  usually  in  the 
daytime.  Aedes  aegypti  is  a  vector  of  dengue  in  the  Southwest  Pacific  and 
also  carries  yellow  fever  in  Africa  and  South  America. 

Aedes  albopictus  Skuae  is  distributed  from  Japan  south  and  west  to  the 
continent,  and  eastward  through  Micronesia  to  the  Hawaiian  Islands.  Aedes 
slbopietus  is  a  vector  of  dengue  in  the  Philippines  and  elsewhere  in  the  South¬ 
west  Pacific  and  raeemblee  Aedes  aegypti. 

Aeies  kecki  DBnitx  is  found  in  Pacific  Oceania.  Larvae  were  taken  in 
the  water  of  plant  axils.  Adults  feed  avidly  on  man  at  night.  Aedes  hocks 
is  a  suspected  vector  of  filariasis. 

Aedes  sentellaris  Walker  has  a  complex  of  forma  having  similar  habits  and 
only  slight  morphological  differences.  Aedes  scmUUaris  scuteUmris  Walker 
is  distributed  throughout  the  Philippines  and  south  to  New  Hebrides  but  not 
in  the  Fiji  Islands.  Aedes  scutelleris  psessdoscutellaris  Theobald  is  found  at 
175°  east  to  120°  west  longitude  and  0°  to  22°  south  latitude.  Aedes  scutelleris 
poiynesiensis  Marks  is  found  in  the  Fiji  Islands.  Larvae  occur  chiefly  in  rot 
hole*  of  trees.  In  New  Guinea  and  on  Biak,  however,  larvae  were  (bund  in 
almost  any  container  not  having  mud  walla,  such  as  in  foul  water  in  canoe:., 
coconut  shells,  military  jnnk  heaps,  including  paper  containers,  and  in  cans 
with  lacquer  linings.  Adults  are  day  feeders,  attacking  man  freely  mostly 
out  of  doors  but  also  in  tents  when  near  breeding  places.  Aedes  scvtellaris 
rest  out  of  doors.  Aedes  scutellaris  psevdoscu  teUarit  and  A.  scute  Haris  poly- 
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nenIeiutiM  n re  vectors  of  filariashi  in  (lie  Fiji  Islands,  nnd  tlie  closely  related  .1. 
srutellari*  aeutrlhiri. a  may  be  a  vector  in  New  Guinea. 

Atdca  eigilax  Sku.se  is  distributed  in  tike  tropics  from  Formosa  to  Thailand 
and  east  and  smith  to  New  Caledonia  nnd  Australia.  I-arvne  are  found  in 
shallow  ground  pools  of  tidal  flats  and  in  mangrove  swamps.  Adults  are 
strong  fliers.  They  feed  avidly  on  man  at  night  and  early  morning  but  some¬ 
times  all  day  in  the  bush,  and  they  may  evade  houses.  Arde*  vigilux  is  a 
suspected  vector  of  filariasis. 


Citlex 

Cultx  annul  !ro*tri* i  Skuse  is  found  in  Melanesia,  Polynesia,  Papua,  ami 
Australia.  Larvae  are  found  in  ground  pools,  including  those  of  riceflelds 
and  swamps,  and  in  all  kinds  of  domestic  containers  in  nrban  and  rural  areas. 
Adults  feed  at  night  on  man  and  animals.  Culex  annul iroxtri*.  ez[ierimentally, 
is  a  vector  of  filariasis  but  is  not  found  naturally  infected  in  the  Southwest 
Pacific. 

The  subepevific  variant  of  Cultx  pipicn *  Linn,  Cultx  pipitnn  fatigan* 
Wiedemann,  which  is  the  Cultx  qutnguefanriiUu*  Say  of  some  authors,  is 
found  throughout  the  tropical  world  and  was  widespread  in  the  Southwest 
Pacific,  Larvae  of  C.  pipitn *  fatigan t  were  taken  in  collections  of  foul  water 
in  ground  pools  and  in  domestic  and  periodomestic  containers,  usually  shaded. 
Adults  generally  are  strong  fliers  and  feed  on  man  and  animals,  at  night, 
aa  a  rule.  Cultx  pipicn*  fatigan t  is  known  as  an  important  vector  of  filariasis 
in  several  areas,  as  in  the  Philippines,  but  its  role  in  New  Guinea  is  still 
doubtful. 

Cvltm  viahnui  is  a  group  of  species  quite  similar  in  appearance  and  is 
distributed  in  the  Orient  and  in  Pacific  Oceania.  Larvae  of  the  various  species 
are  found  usually  in  small  pools,  drainage  ditches,  ponds,  and  streams.  Cvltx 
riiAnui  is  considered  a  vector  of  filariasis  in  India  but  net  in  the  Southwest 
Pad  6a 

Mosquito  Surrey  Data 

Information  on  the  distribution  and  bionomics  of  the  mosquitoes  of  New 
Guinea  and  the  adjacent  islands  was  materially  segmented  by  the  various 
malaria  units.  This  work  was  done  more  or  lees  incidentally  to  field  activities 
and  was  handicapped  by  the  lack  of  suitable  minor  lahoralo  y  supplies  and 
equipment.  The  paacity  of  information  on  the  distribution  und  habits  of  the 
principal  vector  of  malaria,  A.  punctulntu*.  and  of  other  species  that  may  play 
a  part  in  the  transmission  of  dengue,  fiilsriasis,  and  other  diseases  of  military 
importance,  waa  at  first  a  serious  handicap  to  the  full  utilization  of  control  pro¬ 
cedures.  In  this  field,  the  work  of  Capt.  (later  Maj.)  William  R.  Horsfall, 
SnC,  entomologist  of  the  17th  Malaria  Survey  Unit  at  Oro  Bay,  was  especially 
valuable.  He  and  his  associates  found  A.  punctulotu*  in  the  Markham  Valley 
to  range  between  me  level  and  3^00  fort,  with  very  few  on  the  level  coastal 
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plains  with  sandy  soil.  They  were  most,  abundant  below  *2,000  feet  and  in  areas 
with  impervious  soils.  Breeding  took  place  in  open  or  slightly  sluwled  water 
such  as  pond  and  stream  margins,  wheel  ruts,  and  borrow  pits. 

Anopheles  famuli ,  on  the  oilier  hand,  was  more  at  home  along  the  coast 
and  in  partially  shaded  situations,  ns  along  sluggish  streams,  and  shaded  pool 
margins.  When  present  in  limited  nuniliers.  adults  were  not  prone  to  stay  in 
tents  or  huts  but  ap|Mtreutly  were  widely  districted  ill  secluded  damp  places 
under  vegetation.  They  were  observed  in  protected  places  in  stream  banks,  in 
holes,  and  in  overhanging  grass,  but  nlways  in  tlie  general  vicinity  of  camps 
or  native  paths  or  villages. 

Captain  Horsfall  reported  that  development  from  egg  to  adult  of  .1.  pum- 
tulatus  took  place  in  8  days  in  warm  water  (!C*°  F.)  in  tlie  sun,  and  from  It)  to 
14  days  in  tlie  laboratory.  Tlie  egg  stage  ranged  from  I  to  (5  days  in  I  lie  lubora- 
tory  and  the  larva  and  pii|ia  stages  from  7  to  1*2  days,  with  mi  average  of  8.5 
days.  Captain  Horsfall  also  found  tliat  adults  traveled  freely  one-fourth  mile, 
a  very  few  to  three- fourths  miles.  One  female  lived  17  days,  ('aged  females 
could  not  be  induced  to  feed  a  second  time  and  no  eggs  were  laid. 

All  agree  that  adults  of  A.  punetnlatus  fed  freely  in  captivity.  In  nature 
they  were  shy,  ami  produced  little  or  no  irritation.  This  caused  men  to  lie 
careless,  as  they  were  not  annoyed,  and  they  seldom  saw  the  mosquito. 

Anopheles  punctulatus  was  readily  infected  with  either  Plasmodium 
falciparum  or  Plasmodium  vivax.  In  the  experimental  work  at  Cairns,  often 
nearly  100  percent  infection  of  salivary  glands  was  secured,  but  high  natural 
infection  rates  were  not  found.  Of  315  females  collected  near  Oro  Bay,  April 
and  Hay  1844,  Horsfall  reported  that  only  0.4  percent  showed  gut  infection, 
and  of  580  salivary  glands  examined,  only  OA  contained  spormoites.  Them 
were  evidently  newly  fed.  Filarial  infestations  were  found  in  9  of  007  females 
dissected. 

Breeding  places  of  various  rulidne  mosquitoes  including  Atdrs  seuleVmris. 
which  was  evidently  the  principal  carrier  of  dengue,  were  very  diverse.  Stag¬ 
nant  pools,  margins  of  streams,  seepage  and  rainwater  in  sage  and  mangrove 
swamps,  leaf  axils  of  trees,  coconut  shells,  and  various  ananmede  water  con¬ 
tainers  produced  different  species  in  varying  numbers.  Along  the  coast,  coral 
pockets  were  said  to  serve  as  prolific  breeding  places  for  A.  •cutelUrU.' 

There  were  twenty  quote  and  subspecies  of  Anopheles  and  seven  species 
of  Bironett*.  Only  three  of  them  {Anopheles  kancari  James,  a  subspecies  of 
Anopheles  subpictui,  and  A.  bsmeroffi  pseuddbarbirootris)  wen  more  or  less 
widely  distributed  in  adjacent  regions,  and  the  first  two  st  least  were  possibly 
introductions  into  New  Guinea. 


*  Sikik  lust  X*.  SH  lost  a*  I a*  Malaria  MMm  »•  lit  Saatbwaat  rariSc  in,  SS  Asa 
IS**.  Is  Base*  far  CaarSUnltas  af  Malarial  BtaSlaa,  a  Jatat  Mr  Caapaar*  a*  Baeaaarstatlvaa  a*  tha 
OOee  a t  S*H»t  InauU  aad  Oarali *■»«<■  tba  Anar.  Un  Karr.  aaS  DA  PaMc  HaaMh  Sn-rtaa, 
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The  commonest  and  moat  widely  distributed  sjiecies  in  the  Australasian 
Region  were  A.  A.  punctu/aiu *,  and  the  sulmjieeies  of  A.  bancrofti 

and  .1.  ami/' hi*.  Some  of  the  other  species  were  known  only  from  a  single 
locality  or  had  a  limited  range.  The  portions  of  the  region  front  which  the 
different  species  have  lieen  recorded  are  indicated  in  table  74. 

Anopheles  farauti,  the  form  with  an  all-dark  proboscis  previously  known 
as  Anopheles  moluccensis,  had  the  widest  distribution  (map  31).  It  was 
found  throughout  tlte  islands  from  eastern  Sulawesi  to  New  Hebrides  and  also 
occurred  in  nortltern  Australia,  being  common  at  C'aims  and  in  the  Darwin 
area.  Tliere  was  a  single  record  as  far  south  as  the  Brisbane  area  reported  by 
Lee  and  Woodhill.*  The  type  form,  A.  punctulatus  moluccensis ,  in  which  the 
apical  half  of  the  proboscis  is  largely  pale-scaled,  was  collected  in  Australia 
or  New  Hebrides  but  otherwise  had  the  same  general  distribution  as  .1.  jmnctu- 
latus.  Anopheles  rlotci  Kozeboom  and  Knight,  a  recently  described  species, 
was  found  only  at  Hollandia. 

The  most  widely  distributed  species  in  the  region  was  A.  annulipes,  found 
throughout  Australia,  in  Tasmania,  a  few  localities  in  New  Guinea,  and  the 
adjacent  island  of  Goodenough.  At  Port  Moresby,  it  was  the  commonest 
anopheline  encountered  and  was  said  to  be  the  dominant  species  in  the  greater 
part  of  Australia. 

The  type  form  of  A.  amictus  was  widely  distributed  in  the  northern  pail 
of  the  continent  and  occurred  along  the  eastern  coast  to  northern  New  South 
Wales.  The  subspecies  A.  amictus  hill*  had  the  same  general  distribution  and 
was  found  also  at  Merauks  in  southern  Netherlands  New  Guinea. 

The  type  form  of  A.  bancrofti  was  widely  distributed  and  frequently  very 
abundant  in  northern  Australia  from  just  north  of  Broome  to  Cairns,  and 
along  the  east  coast  to  Brisbane.  It  occurred  in  Netherlands  New  Guinea  in 
the  Merauke  area  and  along  the  Digoel-Sivier.  There  was  s  single  record 
from  northern  Nsw  Gaines,  at  Pionierbirak,  which  may  actually  hen  keen 
tbs  sulapeeies  A.  bancrofti  pseuslobarhirestris.  The  letter  was  the  form  found 
in  the  remainder  of  the  northern  and  eastern  parts  of  the  island,  as  also  on 
Goodenoagh  Island.  Its  nu«e  extends  into  the  Sulawesi  and  the  Philippines. 

The  distribution  of  Anopheles  stipmetices,  aa  given  by  Lee  and  Woodhill, 
is  the  coastal  ranges  of  eastern  Aaetralia  sad  two  widely  separated  localities 
in  New  Gaines,  oas  at  Bulldog  in  Papua  and  the  other  at  Aaggi-merr  in  the 
northwHtern  part  of  the  island.  Anopheles  etratipes  Sknee  occurred  in  small 
numbers  in  the  Sydney,  Brisbane,  and  Cairns  areas  on  the  east  coast  and  at 
IVrth  on  the  west  coast.  Anopheles  poseeW  was  recorded  only  from  the  north¬ 
ern  portion  of  Northern  Territory  and  the  tip  of  Yorke  Peninsula. 


■in  p,  j„  —e  wanu.  a.  a. :  tu»  auie>tau»  s»aHm  «r  im  iuuuimu  tnpna.  na» 
m  u  uus,  Duuiuui  a  lnhir,  Ma>eu>  fc  t  mt 
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Anophele s  meraukensis  Venturis  and  Anopheles  novaguinensis  Yenhuis 
both  occurred  in  Northern  Territory,  in  the  Cairns  area  of  northern  Queens 
land,  and  in  the  Merauke  area  of  southern  New  Guinea.  The  former  was  found 
also  at  Townsville  and  Brisbane,  and  the  latter  on  the  tip  of  Yorfee  Peninsula. 
Anopheles  longirostris  Brag  was  recorded  from  various  parts  of  New  Guinea 
as  well  as  Seram  and  Halmahern.  An  unidentified  variety  of  A.  suhpictns  was 
reported  in  New  Guinea  only  from  a  few  areas  along  the  southern  coast  of 
Papua.  The  same  or  similar  form  is  widely  distributed  in  the  Netherlands 
Indies.  Anopheles  kancari  was  found  in  1W5  at  Hollandia  and  was  taken 
in  considerable  numbers  in  one  location.1*  It  may  have  been  introduced  from 
adjacent  parts  of  the  Oriental  region  where  it  is  widely  distributed. 

Belkin  and  coworkero  described  in  addition  to  A.  pvnetulatus,  three  new 
species,  Anopheles  lungae,11  Anopheles  solomonis ,**  and  Anopheles  natallae.'* 
The  last  three  species  are  closely  interrelated  forms  distinguishable  principally 
by  variations  in  coloration  of  the  female  proboscis  and  by  larval  characters. 

The  following  species  were  reported  only  from  the  Moluccas,  Scram,  or 
Timor: 


A.  aitkeni  bengolensis 
A.  albotaeniatus 
A.  annularis 
A.  barbirostris 
A.  barb  umbrosus 

A.  Kgrosmm 


A.  insulae  forum 
A.  koehi 
A.  macula  t  us 
A.  minimus 

A.  sundaicus 

A.  tesselatvs 
A.  vagus 


It  is  doubtful  if  the  reports  of  A.  tesselotus ,  A.  barbirostris  and  A.  aitkeni 
from  New  Guinea,  and  Anopheles  ludlosoi  from  Seram  were  correct.  Speci¬ 
mens  from  New  Guinea,  identified  as  Anopheles  pAUippinensis,  were  thought 
by  Lea  and  Woodkill  to  Imve  bean  A.  ewmiisai.11 


ESTABLISHING  A  CONTROL  ORGANIZATION 

February  IMS  was  an  important  date  in  the  malaria  control  picture  in  the 
Seuthweut  Pacific,  for  it  was  at  this  time  that  the  first  maleriolaguta  and  the 
first  malaria  surrey  units  arrived.  By  June,  malaria  control  units  wen  at 
week  in  the  theater,  and  thereafter  malaria  cams  and  remained  under  firm 
eentroL 


"  mm.  W.  Ml  Una  t'lil,  *■ :  Itaw  Mrw  iMfMlH  Smrta  Fraaa  pern  Me  J.  Hat. 
Mai.  hr.  1 :  IS*.  IMS. 

■  mma.  J.  !»„  aat  SiMwn,  II  I  Krt  Spartaa  at  lnUihi  Tnm  tkt  Mtata  Ialaata. 
J.  Waafc.  Aaat.  Sc.  S4 :  SW.  1*44, 

■nun.  J.  »,  KalaU.  K.  UaW  Iwilna  L  U.:  SaaeSaUea  MaapUMaa  at  tha - 

Ialaata  a  at  Xaw  BttMn  J.  PanaMal.  U  :  141  Ml.  lata. 

"Battta.  1.  K. :  laulitw  mMm,  a  Ktw  In  flu  Frau  Oaal *-*-nn*  J.  PanuMal  St :  SIB. 
1140. 

■SteWUMT.:  AaanaUeaa  af  tto  AwtmMaa  lattsa.  fa  Malaria  lap.  atMat  tr  Marti  r. 
Bart,  ten  i  inn  la :  w.  n.  Satatan  Ce»  MU  nLl.pM 
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Inuring  1942,  the  Office  of  The  Surgeon  Gene  nil  had  lieen  at  udyiug  (he  prul>- 
lem  of  malaria  control  in  tlione  areas  where  lT.S.  troops  lmd  to  o)>enite.  As  a 
result  of  these  studies,  the  Office  of  The  Surgeon  General  projioHed  (I )  the  ns- 
signment  of  trained  malariologists  as  assistants  to  tlie  surgeons  in  malarious 
areas,  (2)  the  formation  of  special  units  to  determine  and  control  the  local  fac¬ 
tors  in  malaria  incidence,  (3)  the  education  of  the  troo|>s  in  protective  measures, 
and  (4)  the  utilization  of  labor  personnel  for  nittimalarial  work.13 

The  Surgeon  General  outlined  more  fully  the  pro|x>sed  limlnriu  control 
organization  in  a  letter  to  tlie  Commanding  General,  I'-S.  Army  Forces, 
Southwest  Pacific,  dated  24  October  1942.  lie  invited  him  to  submit  requests 
for  the  additional  military  and  sanitary  ]iersonnel  without  delay. 

In  reply  to  this  letter  from  The  Surgeon  General,  tlie  tlieater,  on  1  Decem¬ 
ber  1942,  requested  1  malariologist,  (1  assistant  malariologists,  3  survey  units, 
and  12  malaria  control  units.1*  A  cadre  of  malariologists  and  an  advanced 
echelon  of  three  malaria  survey  units,  the  4th,  5th,  and  (1th,  were  sent  by  air  to 
tlie  Southwest  Pacific  in  February  1943.  Dr.  Howard  F.  Smith  of  tlie  U.S. 
Public  Health  Service,  on  duly  in  tlieater  headquarters,  was  appointed  theater 
malariologist  on  27  February  1943  In  Staff  Memorandum  No.  3. 

Theater  Directives 

In  compliance  with  instructions,  1st  Indorsement,  General  Headquarters, 
8WPA,  &  February  1943,  the  following  basic  sanitary  and  preventive  measures 
for  the  control  of  malaria,  dengue,  and  intestinal  diseases  were  established  for 
the  information  and  guidance  of  all  U.S.  Army  personnel  in  SWPA : 

1.  la  Malarious  and  poteatlalljr  Malarious  areas,  the  wearing  o f  ehlrts  with  Was 
Sum  aad  fail  leasth  Imam  h  aoresoary  to  ~edare  the  prohoMUtr  of  Mewprits  bitas. 
Wearies  ohorU  aad  short  rieeved  shirts  aad  solas  vlthoat  shirts  hetweea  (unset  aad  Ma¬ 
rias  la  ust  anthattoad. 

Ifaaqaito  repalWat  aad  lataet  sMapalto  hats  will  ho  pnvidod  for  an  permnaoL 

■open  ilwa  palalse  or  Atahrtae  (fataarrtao  hydrsehtorida)  wtU  ho  odMtaWtoeod  ta 
poraooaal  la  hypareadoMlc  amlartsaa  arras,  la  accoedsaco  with  taatmotWoM  from  the  aatl 

S.  CtMpdlu  wttl  ha  Wealed  as  tor  froM  mi  mull  i  trndlag  plaeaa  aa  the  Military 
ritaariaa  win  panalt.  Kaeapt  la  the  naWt  ares,  simlu  hteadtoa  will  ho  otoahNrtad 
hy  eiltaa.  draiaias,  Hha  reaeovtas  sapjr  COBS,  hottWo,  reesaat  doth,  aad  other  rsa- 


oaoa  has  peeved  that  a  man,  win  Metrartad  detail,  aodsasd  penaaasatir  la  each  Mk  so 
sanitary  aad  Malaria  coatral  work,  wtU  procure  the  host  resalta. 

t  Whoa  troops  rerelriag  oapproooiro  Malaria  tiestawat  are  roaocod  to  a  aoaaular- 
Wao  ares,  the  base  oaetlaa  emaamader  of  the  bow  area  will  he  aotUrd  lanaedtatrly.  The 
amaher  of  troops  MMiitd  froM  oappreoslre  tieatawat  it  asjr  tlsie  Moot  he  nssisessarale 
with  the  hospital  hods  available. 


a  letter.  Cel.  Jeha  A.  ham  MC,  fee  The  ■  ernes  Osoeval  te  The  Adjotsot  Oeseral  tl  Sept. 
IMS.  eshlMt :  HehuW  Ceatrvi 

■Ceisd  Mieespe  CM-UI-C1U,  cncsWPA.  te  Me  Baroeea  OesemTe  OOee.  1  Dev.  IMS. 
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4.  llrdli'il  Field  Manual  8-10,  "Field  Kunlliilloli."  iltwribex  In  tlelall  I  he  iiiohI  prac¬ 
tical  methods  far  nee  In  Ihe  Held.  Hitecial  attention  to  ihc  lns|irctli>n  ami  bundling  of 
food*,  the  euppir  and  treatment  of  water,  fly  eoniroi  and  the  illeiewnl  of  huniau  excreta 
and  garbage  la  necessary.  Prevention  of  dleenee,  eeeenllal  for  a  low  nonelfect Ive  rate, 
can  only  be  accomplished  by  Ihe  rigid  enforcement  of  minllary  limisiirc*. 

5.  Commanding  oflk-erw  <>f  all  grade*  are  re*|ioH*ihle  for  Minllalliat  and  for  Ihe  enforce¬ 
ment  of  the  previsions  of  sanitary  regulations  within  tlielr  organism  lout*  and  Ihe  bound¬ 
aries  of  nreiiH  is'i'uplml  by  them. 

These  instructions  were  reinforced  later  by  «  more  tletaileil  ilireetive  de¬ 
signed  to  provide  a  malaria  control  organization  consonant  with  that  recom¬ 
mended  by  the  Office  tuf  The  Surgeon  General  (appendix  li, p.  585). 

Assignment  of  Duties 

Under  tlie  organization,  as rstablislietl,  a  nietlhitl  ius|iector  special  ( malar- 
iologist)  was  on  tlie  stall  of  the  Chief  Surgeon,  USAFFE  (U.S,  Army  Forces, 
Far  East).  Under  tlie  Chief  Surgeon,  lie  was  authorised  to  direct  and  co¬ 
ordinate  tlie  o|ierations  for  malaria  control.  He  also  acted  as  a  special  adviser 
to  the  Chief  Surgeon  on  all  matters  pertaining  in  malaria  and  mosquitobome 
diseases,  including  tlie  avoidance  of  tlie  introduction  of  llte  anoplieline  mos¬ 
quito  or  of  malaria  into  areas  t lien  free. 

The  assistant  medical  inspectors  special  (nialarioiogiste)  were  assigned  to 
Headquarters,  USAFFE,  and  attached  to  tlie  staff  of  commanders  when  neces¬ 
sary.  These  assistants  were  In  advise  commanders  in  tlie  tievelopnient  of 
malaria  discipline  in  all  troops,  lo  instruct  personnel  in  malaria  control  meas¬ 
ures,  to  assist  in  planning  and  Mijiervising  survey  and  control  measures,  to 
investigate  malaria  rates  and  malaria  hazards  of  proposed  campsites,  and  to 
furnish  commanders  with  all  pertinent  information  obtained. 

Malaria  survey  units  and  malaria  control  units  were  assigned  to 
I7SASOS  (UA  Army,  .Services  of  Supply)  for  administration  but  were  under 
the  control  of  USAFFE  for  the  performance  of  all  duties  pertaining  to 
malaria  control.  These  units  were  normally  assigned  to  areas  but  under  spe¬ 
cial  conditions  might  be  attaclied  to  organizations  of  the  Sixth  IIA  Army, 
Fifth  Air  Force,  or  USASOS.  Regardless  of  attachment  or  amignment  to 
duty,  them  units  were  under  the  technical  direction  of  the  chief  malariologiat. 
They  functioned  as  follow*: 

The  malaria  survey  unite : 

1.  Determined  incidence,  dtatrihntioa,  and  biology  of  mosquito  adults  and 
larvae  in  relation  to  malaria. 

2.  Surveyed,  mapped,  and  recommended  to  commanders  measures  for 
malaria  control  in  specific  areas. 

3.  Maintained  a  check  on  effectiveness  of  control  measures  by  routine 
collection  of  adulte  and  larvae. 

4.  Performed  malaria  parasite  surveys  among  civilians  and  troops  to  deter¬ 
mine  incidence  and  epeciesof  parasites. 
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5.  Performed  uny  sjiecial  studies  in  regard  to  malaria  or  niosqiiitoboriie 
disease  required  by  the  Chief  Surgeon. 

6.  Kej*.  commanders  infonue«l  on  all  mutters  relating  to  umlariiv  control 
in  their  areas. 

The  malaria  control  units: 

1.  Prepared  detailed  plans  for  malaria  cont  rol  measures. 

•L  Demonstrated  and  advised  unit  untimalaria  details  on  approved  methods 
of  control. 

3.  Advised  the  commamler  on  the  use  of  labor,  civilian  and  native,  in 
malaria  control  work. 

4.  initiated  plans  and  advised  commanders  regarding  the  maintenance  of 
control  measures  in  areas  hetweeu  units,  docks,  airfields,  and  similar  areas 
used  by  troupsof  all  units. 

5.  Kept  commanders  informed  on  all  matters  relating  to  malaria  control 
in  their  areas. 

Personnel  and  units  engaged  in  malaria  control  were  fumislted  slielter  and 
meals  by  organizations  to  which  they  were  attaclied,  nr  by  organization  com¬ 
manders  in  whose  areas  they  were  assigned  to  duty.  Movements  of  units 
within  a  base  were  effected  by  the  base  commanding  officer  u|>on  request  of  the 
senior  malsriologist  on  dntv  therein.  Movements  of  units  from  one  base  to 
another  were  directed  by  USAFFE. 

Direct  communication  on  technical  matters  between  nialariologista,  survey 
and  control  units,  and  the  Chief  Surgeon,  1'SAFFK,  was  authorized. >r 

Immediate  Results 

By  lste  summer  of  1943,  the  program  for  malaria  control  in  this  theater 
had  been  operating  for  approximately  I  months  ami  was  beginning  to  exert 
Rs  full  effect.  In  that  time,  the  malaria  rate  in  the  U.S.  Forces  in  New  Guinea 
had  been  brought  down  from  970  per  1/100  men  per  annum  in  February  1943, 
to  200  per  1/100  per  annum  in  August  1943." 

IMPORTANT  FACTORS  IN  DEVELOPING  THE 
CONTROL  PROGRAM 

Australian  Medical  Military  M union 

During  1943,  the  proenreeoent  of  adequate  antimalaria  supplies  was  very 
difficult.  It  was  possible  to  get  sufficient  quinine,  Atsbrine,  and  Ptasmoehin 
naphthoute  (pamaquine  nephthoate)  for  treatment,  but  such  antimalaria  sup¬ 
plies  as  nets,  repellents,  insecticides,  and  sprayers  were  very  inadequate.  In 
fact,  tlie  supply  situation  was  so  unsatisfactory,  from  both  the  United  States 
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and  the  United  Kingdom,  that  an  Australian  Medical  Military  Mission  was 
sent  in  Se|tt«uber  104’2  to  the  United  Slates  and  the  United  Kingdom.  The 
objectives  of  this  mission  were  (1)  to  bring  home  to  the  United  States  ami 
United  Kingdom  authorities  the  grave  danger  from  imihtriu  and  other  tropi¬ 
cal  diseases,  and  (2)  to  procure  an  ndequnte  flow  of  supplies  of  Atnhrine, 
other  malaria  drugs,  mosquito  netting,  and  repellents.  The  mission  was  suc¬ 
cessful  in  obtaining  approval  of  a  li-tablet  weekly  regimen  for  Atnhrine  and  in 
obtaining  promises  for  other  needed  supplies. 

Inter-Allied  Committee 

Among  tlm  important  factors  in  the  program  was  the  formation  of  an 
inter-Allied  committee  which  advised  the  Commander  in  Chief  of  all  as|ierts 
of  the  malaria  problem.  One  of  the  reasons  for  the  lamentable  record  in 
malaria  control  in  1942  and  early  1943  was  the  absence  of  medical  autliority 
at  the  level  of  the  theater  commander’s  headquarters.  The  Inter-Allied  Com¬ 
mittee,  under  the  chairmanship  of  Brigadier  X.  Hamilton  Fairley,  an  inter¬ 
national  authority  on  malaria,  was  set  up  to  remedy  this  deficiency.  It  was 
this  Committee’s  recommendations,  in  the  form  of  proposed  directives  which 
were  approved  and  issued  by  General  Headquarters  to  all  commands,  that  were 
responsible  for  a  uniform  program  of  malaria  control.  USAFFE  received 
its  regulations  from  General  Headquarters  and  reissued  them  to  the  American 
elements  of  the  Allied  Forces. 

Assignment  of  Responsibility 

The  program  and  the  management  of  the  available  resource*  for  com¬ 
bating  malaria  w era  the  responsibility  of  one  person,  the  Chief  Surgeon, 
USAFFE.  This  made  passible  the  following : 

1.  The  formation  of  an  organisation  for  the  control  of  mehtris  which 
carried  on  the  attack  on  the  breeding  places  of  the  anopbelines  in  troop  arms, 
saristed  and  advised  the  units  in  such  areas  in  their  control  work  within  the 
unit  area,  aided  in  the  distribution  of  available  antimalaria  supplies,  and  pro¬ 
vided  for  schools,  lectures,  films,  posters,  and  other  educational  devices  for  the 
instruction  of  nfiesrs  and  man  in  the  technique  of  malaria  control. 

i  The  publication  of  regulations  applying  equally  to  all  American  Koran 
governing  the  nee  of  individual  antimalaria  measures  sueh  as  protective  cloth¬ 
ing,  proper  ass  of  mosquito  nets,  repellent,  the  enforcement  of  suppressive 
treatment,  and  authorised  methods  of  curative  treatment. 

8.  The  formulation  of  systematic  programs  for  the  rehabilitation  of  ma¬ 
la  rioos  divisions  returning  to  Australia  and  the  setting  up  of  uniform  stand¬ 
ards  for  evacuation  of  malarious  patients  to  hospitals  to  Australia  from  tlm 
Advance  Base,  and  from  Australia  to  the  United  States. 

4-  The  establishment  of  a  card  report  system  which  furnished  prompt  and 
current  information  on  the  malaria  rate  in  different  arms  and  in  different 
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units,  so  that  the  malariologist  knew  where  to  center  his  chief  efforts  and  also 
whether  he  was  or  was  not  being  successful. 

6.  The  institution  of  active  research  in  prevention  and  treatment  by  per¬ 
sonnel  adequately  trained  and  equipped  and  the  restriction  of  indiscriminate 
experimentation. 

The  assignment  of  the  malaria  control  organization  to  USAFFK  resulted 
in  some  difficulties.  Malariologists,  for  instance,  could  not  travel  to  visit  units 
in  the  field  without  securing  permission  for  each  separate  move  from  both  Sixth 
TJ.S.  Army  and  Fifth  Air  Force,  except  on  a  personal  basis,  in  which  case  no 
criticism  or  w  ritten  report  was  permissible.  All  assistant  malariologists  were 
assigned  to  the  8th  Medical  Laboratory.  Separate  control  organizations,  how¬ 
ever,  for  the  Sixth  U.S.  Army,  the  Fifth  Air  Force,  and  USASOS  would  have 
been  complicated  and  inefficient.  Nevertheless,  the  system  ns  organized  worked 
well,  despite  these  difficulties. 

Survey  and  Control  Unila  in  the  Field 

Malaria  survey  units  accompanied  task  forces  into  new  areas  and  per¬ 
formed  the  initial  mosquito-breeding  survey  of  areas  as  soon  as  possible  after 
occupation.  It  was  their  function  to  locate  and  map  all  actual  and  potential 
breeding  places  in  their  initial  surveys  and  to  maintain  weekly  checks  on  the 
dfeiency  of  control  measures  in  the  area.  The  survey  unit  also  dealt  with 
the  collection  and  examination  of  blood  smears  for  the  study  of  malaria  para¬ 
sites  in  native  population*  as  required,  in  addition  to  periodic  selected  surveys 
of  well  troops. 

The  malaria  control  units  were  used  in  all  of  the  forward  areas  and  nor¬ 
mally  accompanied  the  combat  troops.  With  the  aid  of  native  labor,  the  control 
an  its  wen  charged  with  the  supervision  of  all  environmental  controls  through¬ 
out  any  specific  area.  Major  control  projects  were  performed  by  the  control 
units,  with  the  assistance  of  Corps  of  Engineer  units  or,  at  times,  Seabces 
(navel  construction  battalions). 

In  addition  to  the  special  purpose  malaria  control  personnel,  each  unit 
commander  was  required  to  form  an  antimelsria  detail  of  one  noncommissioned 
■dor  and  two  enlisted  man  for  each  company,  squadron,  or  smaller  unit. 
Them  company  details  performed  routine  antimalaria  work  in  each  unit  area, 
and  in  their  work  they  wen  assisted,  advised,  and  checked  by  the  malaria 
aarvey  and  control  units.  Projects  of  any  magnitude  within  unit  boundaries 
won  carried  out  aa  a  special  assignment  of  the  malaria  control  unit. 

MALARIA  CONTROL  ACTIVITIES 

After  official  recognition  of  the  basic  problem  that  malaria  was  posing 
in  SWi'A,  malaria  control  activities  were  initiated  promptly.  The  methods 
of  control  were  of  two  kinds — group  and  individual.  Under  the  group  method 
were  two  means  of  control,  that  of  (1)  permanent  malaria  control  measures 
and  (2)  temporary  malaria  control.  As  a  general  statement,  it  could  be  said 
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that,  because  of  combat  conditions  and  t  lie  speed  of  movement  in  SWPA, 
permanent  types  of  malaria  methods  wen  not  widely  applicable.  Therefore, 
under  group  measures,  the  temporary  methods  of  control  were  the  general 
rule;  in  actual  combat  conditions,  individual  methods  of  control  were  often 
the  only  methods  available  totiie  soldier  to  protect  himself  against  malaria. 

Besides  these  general  activities,  the  malaria  control  organization  also  en¬ 
gaged  in  some  special  public  health  work,  such  as  scrub  typhus  control,  gen¬ 
eral  sanitation,  and  some  of  the  work  usually  done  by  llie  medical  inspectors 
office  in  military  camps  and  posts  in  the  Zone  of  Interior. 

The  program  for  the  performance  of  group  control  methods  was  based 
on  two  special  organizational  units,  the  malaria  survey  and  the  malaria  control 
units.  While  these  units  were  administrative  entities,  tliey  had  close  functional 
relationships — one  survey  unit  usually  serving  to  define  problems  and  to  check 
on  the  efficiency  of  twoor  three  control  units. 

In  general,  the  commanding  officer  of  a  survey  unit  was  a  parasitologist 
or  entomologist ;  of  a  control  unit,  a  sanitary  engineer.  The  enlisted  personnel 
were  composed  chiefly  of  noncommissioned  officers  to  a  total  of  11  men,  many 
of  whom  had  special  training  qualifications. 

These  units  arrived  in  a  new  situation  at  various  times  after  D-d«y  usually 
not  before  D+15.  The  survey  units  proceeded  to  define  the  local  problem 
through  blood  surveys  of  native  population  and  mosquito  and  topographic 
surreys.  The  information  collected  was  mapped,  tracings  from  topographic 
maps  being  largely  used  for  this  purpose.  This  information  was  tlien  given 
to  the  control  units.  Subsequent  activity  of  the  survey  units  was  toward  the 
more  precise  collection  of  information  on  mosquito  fauna  and  its  ecology,  re- 
surveys  of  native  populations,  and  checks  on  the  efficiency  of  control  units. 

The  malaria  control  unite  were  equipped  with  appropriate  light  equipment 
for  oiling  and  minor  drainage.  Its  enlisted  personnel  performed  same  control 
operations  but  more  often  acted  as  supervisors  of  native  labor  or  work  details 
from  service  or  combat  units.  The  actual  performance  of  control  programs  far 
a  half  mile  around  a  given  organization  was  done  by  the  personnel  from  that 
organization;  other  areas  were  handled  by  the  control  unite. 

The  control  program  of  a  given  area  consisted,  in  general,  of  the  following 
activities: 

1.  Treatment  of  breeding  place*  with  lorvicidee. 

9-  Eradication  of  breeding  places  by  drainage  and  filling. 

3.  Removal  of  native  population  groups  to  locations  more  than  a  mils 
from  army  units. 

4.  Strengthening  of  malaria  discipline. 

MALARIA  CONTROL  MEASURES 

Throughout  SWPA,  malaria  control  was  achieved  through  the  use  of 
many  different  measures,  but  chief  emphasis  was  on  the  elimination  or  control 
of  vector  breeding  places  and  the  use  of  suppressive  Atabrine  therapy. 
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Personal  Protective  Measures 

An  important  measure  of  malaria  control  was  tlie  maintenance  of  |ier- 
soual  protective  measures.  Hy  means  of  directives,  lectures,  and  periodic  in¬ 
spections,  all  officers  exercising  command,  ns  well  as  enlisted  men,  were  in¬ 
doctrinated  along  these  lines.  It  was  impressed  on  all  unit  commanders  that 
this  was  the  sole  means  of  malaria  control  during  combat  and  in  new  areas, 
until  adequate  environmental  control  could  be  established. 

Nets  and  clothing. — Few.  if  any,  head  nets  wen*  worn  or  were  available 
in  the  theater,  for  they  were  unnecessary  and  sometimes  dangerous  because 
they  impaired  vision.  Bed  nets  were  generally  available  but  were  not  always 
used.  In  several  instances,  bed  nets  wen;  not  available  for  days  or  even  weeks 
after  establishment  of  a  beachhead.  In  most  commands,  tike  use  of  bed  nets 
was  strictly  ordered  and  enforced  except  where  combat  situations  made  this 
impractical.  In  the  best  disciplined  units,  nets  were  frequently  inspected  for 
defects  and  proper  usage.  The  jungle  hammocks  were  dangerous  in  ad¬ 
vanced  positions  because  the  occupants  were  more  soscejitihle  to  sneak  enemy 
attacks.  These  hammocks  were  generally  altandoned  after  a  short  trial. 

The  wearing  of  protective  clothing,  which  included  long  trousers  and 
shirt  with  sleeves  rolled  down,  was  required  at  all  times,  except  when  under 
mosquito  nets,  when  bathing,  or  when  engaged  ill  athletics.  Considerable  dif¬ 
ference  of  opinion  was  expressed  in  the  field  as  to  the  best  discipline  in  this 
regard.  Some  felt  that  shirts  should  be  worn  at  all  times,  except  when  under 
a  bed  net  or  at  hath.  It  was  generally  conceded  by  those  responsible  for 
malaria  control  that  shirts  should  be  worn  constantly.  Details  laboring  in 
the  open  sun,  in  holds  of  ships,  on  docks,  or  in  screened  buildings  were  allowed 
to  remove  shirts  from  0030  to  1730  hours. 

Bathing  was  restricted  to  daylight  1  tours  except  when  screened  showers 
were  available. 

flersesdag  — Screening,  mostly  galvanised  1C  and  13  mesh,  was  installed 
on  many  of  the  barracks,  hoepital  wards,  messhalb,  and  recreation  rooms, 
hot  almost  solely  at  the  older  and  mom  permanent  bases.  From  a  practical 
standpoint,  absolute  moequitoproofing  did  not  seem  to  be  possible  because  of 
the  nature  of  the  buildings. 

Bjgsllsnts.  Is  better  disciplined  buses,  mosquito  repellent  roles  were  well 
enforced  in  connection  with  attendance  at  outdoor  movies  at  might.  But  a 
relatively  wnull  percentage  of  the  total  supply  of  such  repellents  as  dimethyl 
phthalate  was  used  for  the  intended  purpose.  Ample  stocks  of  repellents  were 
generally  available,  bat  mosquitoes  were  so  few,  except  in  unusual  situations, 
that  tbs  men  would  not  apply  the  repellents.  However,  experience  indicated 
that  men  engaged  in  a  new  landing  should  be  amply  supplied  with  repellent  for 
use  after  landing. 

Bather  crude  tests  of  dimethyl  phthalate  indicated  that  it  was  not  nearly 
so  effective  against  Anofhth*  fmitctwlalwt  in  SWPA  as  against  AnopMct 
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quadriina-ctdatu*  in  the  United  Stales;  also,  that  Rutgers  012  gave  more  lust¬ 
ing  protection  than  tlie  dimethyl  phtlialate.  Tins  protection  given  by  Rutgers 
612,  however,  probably  did  not  exceed  2  or  0  hours. 

Aerosols. — Aerosol  lionibs  were  generally  available  in  Xew  Guinea  but 
were  often  improperly  used,  as  against  flies,  ants,  and  miscellaneous  insects. 
A  few  were  used  to  spray  tents  and  bed  nets.  The  tents  were  practically  all 
without  walls,  mid  there  was  donM  of  tlie  efficacy  of  the  Aerosol  in  these  tents, 
even  against  mosquitoes. 

It  was  reported  that  bombs  were  used  for  cooling  liver  or  fur  the  construc¬ 
tion  of  improvised  small  refrigerators. 

Aerosol  bombs  were  conscientiously  employed  in  transpacific  Air  Trans¬ 
port  Command  planes.  The  Aerosol  was  ajiplied  freely  after  each  takeoff, 
and  before  each  landing.  Aerosols  were  not  observed  in  use  in  Australia  or 
in  Army  planes  in  Australia  or  Xew  Guinea.  Aerosol  treatment  of  planes  in 
Australia  and  parts  of  Xew  Guinea  was  probably  unnecessary  but  was  em¬ 
ployed  as  the  front  progressed  further  north.  Tliere  was  some  danger  of  intro¬ 
ducing  A.  punctulatMs  into  northern  Australia,  hut  this  was  not  great.  Tliere 
was  also  the  danger  of  introducing  that  species  into  the  Philippines  or  of  in¬ 
troducing  AnopMt*  jlavirogtrit  or  other  dangerous  species  into  Xew  Guinea. 

DDT. — Tlie  application  of  residual  DDT  sprays  to  tents  and  lied  nets  and 
the  impregnation  of  these  articles  with  DDT  were  given  consideration.  Re¬ 
ports  showed  that  adults  of  A.  fwide/o/w  usually  rest  on  tents  or  other  nearby 
articles  for  at  least  a  few  minutes  either  before  or  after  feeding.  Some  im- 
prcpuUetl  nets  did  not  prevent  mosquitoes  from  biting  through  them,  lmi 
caused  the  death  of  the  mosquitoes  as  a  result  of  the  contact. 

Antilarva  Measures 

Lurtieidimg 

For  larricidal  purposes,  DDT  waa  supplied  as  commercially  juice  DDT, 
and  as  a  10-percent  mixture  with  talc,  known  as  larvicide  DDT.  dissolving, 
and  larvicide  DDT  powder,  dusting,  respectively.  In  these  forms,  DDT  was 
prepared  for  application  aa  a  larvicide,  either  as  an  oil  solution  or  as  a  dust. 

A  &>perceut  oil  solution  of  DDT  was  an  effective  larvicide,  with  certain 
qualities  which  aaade  it  extremely  valuable  for  use  in  malaria  control.  One 
of  these  qualities  was  that  a  small  dose  of  the  solution  would  effectively  treat 
a  large  area  of  water  surface.  Only  enough  oil  had  to  be  ajiplied  to  secure 
coverage.  Numerous  laboratory  and  small-srale  Reid  trials  demonstrated  that, 
where  oils  spread  rapidly,  1  cc.  of  the  .V percent  oil  solution  will  effectively 
treat  40  square  feet  of  water  surface.  At  this  rate,  1  quart  of  5-percrnt  DDT 
oil  mixture  will  treat  approximately  1  acre  of  water  surface,  as  compared  with 
10  to  14  gallons  when  ordinary  oil  is  used.  A  moderate  amount  of  vegetation 
interferes  very  little  with  tlie  s|ireading  ability  of  tlie  DDT  oil  mint  ion.  Tlie 
use  of  DDT  oil  solution  simplified  dsiIhmIs  of  ajqilicntion  and,  consequently, 
saved  lalmr  and  equijinient. 
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Rate  of  application. — For  teuqionii-y  control,  oil  dilutions  of  ])))’!'  were 
applied  at  0.1  to  0.25  ]h>iiihI  of  DDT  |ier  acre.  This  amount  is  cmitnined  in  the 
1  and  the  21/2  quarts  of  the  5-]ierociit  oil  solution,  resjiecl ively.  This  rule  of 
application  destroyed  existing  lurrne  and  pupae  but  did  not  Imve  residual 
action.  Eggs  defxisited  within  a  day  or  two  following  treatment  could  be 
exjiected  to  develop  into  larvae  and  adults  in  t  lie  normal  fashion.  The  t  resit - 
menl,  therefore,  was  repeated  every  0  to  9  days. 

The  amount  of  oil  solution  actually  used  in  treatment  was  governed  to  some 
extent  by  tlie  type  of  equipment  available  and  by  the  character  of  tlie  area. 
The  distributing  apparatus  sometimes  was  such  that  a  much  larger  quantity 
of  tlie  oil  solution  was  used  than  tlie  calculated  dosage  indicated.  Wlten  vege¬ 
tation  was  extremely  deuse  or  a  scunt  was  present,  distrilait ion  for  adequate 
coverage  often  resulted  in  a  larger  dose  of  DDT  than  necessary  for  killing  the 
current  crop  of  larvae. 

For  residual  action,  single  lieavy  doses  of  DDT  oil  solution  were  applied 
and  curtailed  breeding  for  periods  ranging  front  3  to  6  weeks  in  some  situa¬ 
tions,  such  as  stabilized  breeding  places  containing  lienvv  vegetation  which 
prevented  shifting  of  surface  films  by  wind  action  or  rain.  Tlie  most  effective 
dose  for  this  kind  of  treatment  was  almut  5  gallons  of  5-]>erreiit  DDT  oil 
solution  per  acre.  This  is  equivalent  to  2  pounds  of  DDT.  Dosages  in  excess 
of  this  in  most  cases  seemed  to  show  no  additive  effects. 

Methods  of  applies  tie*. — Almost  any  type  of  container  or  apparatus 
available  in  the  field  was  used  to  dispense  the  DDT  oil  solution.  Knapsack  or 
otlier  types  of  oil  sprayers,  with  the  spray  noaxV  adjusted  to  produce  a  fine 
spray,  were  generally  satisfactory  (fig.  57).  Owing  to  the  unusual  spreading 
qualities  of  DDT  oil  solution,  simple  pouring  from  a  bottle,  1  (ticket,  or  can  was 
Imth  feasible  and  effective  on  some  breeding  places;  or  the  solution  was  poured 
over  wet  gravel,  sand,  or  earth,  which  was  scattered  over  the  water  surface. 
Successful  control  of  anopheline  breeding  for  periods  of  2  to  3  weeks  was 
obtained  in  ponds  on  which  bags  of  sawdust  soaked  with  equal  parts  of  5  per¬ 
cent  DDT  in  crankcase  oil  and  10  percent  DDT  in  gasoline  were  placed.  A 
weight  was  added  to  the  bag  to  make  it  submerge.  To  keep  the  hag  from 
sinking  into  the  mud  at  the  bottom  of  the  pond,  a  stoppered  empty  bottle  or 
some  other  buoyant  object  was  attached.  The  DDT  oil  solution  gradually 
released  from  the  snaked  mwdust  was  observed  to  control  breeding  in  roadside 
ponds  for  2  to  3  weeks.  Ia  the  t  real  men  t  of  Mowing  rt  reams,  the  oil  solution 
was  applied  at  rather  wide  intervals,  since  the  moving  water  assisted  in  spread¬ 
ing  the  larvicide.  In  treating  streams,  standard  mechanical  methods  of  the 
dripcan  type  were  somet  imes  ased. 

For  temporary  control,  DDT  dust  mixture  was  applied  in  the  same  manner 
as  pans  green  dust.  DDT  dust  was  effective  when  applied  at  (lie  rale  of  0.1 
pound  of  DDT  per  acre.  This  means  in  pounds  of  a  l-|ien<eiit  dust,  or  2 
pounds  of  a  5- percent  dust  per  acre.  To  insure  adequate  coverage  of  breeding 
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arras  tlir  1 -permit.  dust  wax  preferred  wlam  traux|s>rtatioii  of  materials  wits 
not  i no  difficult. 

For  residual  control,  a  wnylr  application  of  tlie  l»-|iereeiil  DDT  dust 
concentrate  nt  tlie  rale  of  10  poumls  |n>r  acre  wax  sometimes  umhI  lo  secure  a 
residual  killing  action  for  11  to  t>  weeks  Residual  action  wax  more  likely  in 
water  areas  covered  with  thick  vegetation  where  tins  duet  film  was  protected 
from  wind  ami  wave  action.1* 

Oiling  with  fuel  oil  in  hand  x|>ray  pumps  (knapsacks  ami  especially  with 
CWS  (('!>einical  Warfare  Service)  decontamination  x(>rayent  and  some  sleeve- 
t.vpe  tire  tight  ing  units)  was  the  most  general  procedure.  Some  use  was  aiatieof 
buckets  aisl  um>|is,  sfurinkler  puihi.  ami  oil- impregnated  sawdust,  owing  to  lack 
of  sprayers.  Wh  w  native  la lss-  was  available,  it  was  usually  em|doyed,  and 
soam  of  it  was  quite  satisfactory.  This  was  awre  often  true  in  Australian  New 
Guinea  than  in  Xetherlawls  New  Guinea.  For  I  lie  use  of  these  laborers,  the 
governments  of  Auxtmlia  ami  Xeltierlainlx  Hast  Indies  were  rrinilmrsed  at  a 
low  rate  by  the  Cnited  Stales  t  tig.  38). 

Sprayers. — Kna|isack  sprayers  were  often  scarce  ami  tlie  ty|ie  fnrnixlied 
wen  sliort  lived.  The  following  suggestion  for  improvement  of  this  n|ui|xnent 
was  olfeied  by  ('apt.  John  Coffee  of  one  of  tlie  control  units  <m  Xoenifoor :  The 
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owtlat  should  ha  reinforced,  tha  bottom  securely  soldered  in,  the  sponge  rubber 
ami  aroBad  the  top  improved,  and  the  top  chunp  lor  holding  the  haee  made 
atrpfar.  Rubber  diaphragm*  of  three  thiehneeare  of  aato  inner  tahea  were  in- 
at  ailed  in  the  field,  bat  three,  too,  were  abort  lived.  A  tpnjr  outfit  need  by  one 
malaria  control  unit  conaieted  of  two  tight  drams  to  serve  aa  preaanre  tank  and 
oil  containm  coupled  to  a  small  compressor  and  carried  in  a  light  tank. 

There  waa  need  for  good  substantia]  hand  sprayers  for  use  in  the  mesa  and 
barracks,  aa  they  were  not  available  in  advanced  areas.  The  small  atomizers 
(two  uses),  developed  at  the  Orlando  laboratory  in  Florida  for  hand  appli¬ 
cation  of  aptuy  concentrates,  failed  to  have  any  a|tecial  advantages.  They 
could  not  be  carried  into  combat  by  troop*  and  were  not  aa  useful  in  atabilimd 
anas,  aa  were  the  Aerosol  bomhe  and  hand  sprayers. 
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A  iimnlwr  of  power  spray  units  were  improvised  in  the  Held  nnd  were  esj«e- 
rialh  helpful  when  hi  I  Kir  wiis  scarce. 

Airplane  spraying.— Airplane  application  of  DDT  in  oil  was  undertaken 
on  a  limited  scale.  Tests  were  made  in  Australia  nnd  also  in  New  Guinea. 
Experiment  id  tests  of  this  method  of  controlling  mowpiitoes  were  cnrried  out  in 
July  15)44  at  Xadzali  with  C’WS  tanks  on  an  A-2<>  plane  and,  Inter,  with  a  spe¬ 
cial  tank  ( 11). 5  gallons)  with  mil  I  control  on  a  11-25.  As  a  result  of  tliis 
work,  it  was  concluded  that  DDT  was  1'*)  jiercent  effective  against  flies  nnd  90 
percent  effective  against  adult  mosquitoes,  hut  was  not  effective  against  the  mites 
transmitting  scrub  typhus.** 

The  second  test  of  the  efficiency  of  airplane  distribution  of  DDT  was  nnde 
on  Owi  Island,  on  20  July  1944.  Tliis  was  primarily  to  test  tlie  value  of  the 
spray  against  mites,  but  observations  were  also  made  of  tlie  effects  on  flies  and 
mosquitoes.  The  spraying  did  not  appear  effective  against  mites,  but  flies  were 
not  noted  after  spraying;  however,  the  area  of  effective  coverage  appeared  to 
be  limited.  Biak  was  sprayed  2  days  later,  and  Sansapor  on  4  August,  4  days 
after  the  landing  was  made  on  that  island. 

Morotai  was  sprayed  on  D-day,  15  September,  the  first  instance  where 
this  waa  done;  further  sprayings  were  made  on  D+ 1  and  D+ 14.  The  results 
were  reported  hy  Capt.  P.  J.  Darlington,  Jr.,  SnC,  as  follows:  ” 

1  arrived  an  shore  at  0800  an  D-Day,  aad  at  11.10  I  be  DDT  planes  came  over.  They 
cun  over  again  on  D+l  between  1100  aod  UJ\  Tbe  weather  waa  clear  and  dry  with 
ool)  a  alight  brecae.  The  piaaes  1  saw  Sew  about  190  feet  above  the  ground  aad  followed 
parallel  paths  300  yards  or  less  apart  *  *  *.  It  waned  to  me  tbe  planes  laid  down  loo 
little  wear-  The  visible  wist  trails  which  they  left  Is  the  air  were  very  thin  and  only  a 
few  yards  wide. 

There  were  very  few  sdslt  I  Meets  here  to  hegla  with  so  far  as  I  could  Sad  In  the 
few  hoars  before  the  fret  graying  had  llaa  to  take  effect.  I  saw  ealy  one  admit  moaqetto 
aad  a  very  few  wised  laamos  flies.  There  an  will  only  a  few  adult  uoawUws  aad  flies 
here,  except  la  a  few  places,  bat  It  Is  a  qeeettoa  how  taoeh  ef  the  credit  ah  said  ps  to  the 
DOT.  I  was  sot  a  Ms  to  flad  hrndlag  places  la  tlaae  to  wake  a  survey  of  mesidlo  larvae 
before  tlie  spraying,  but  on  tbe  mondag  of  D+4.  3  days  after  the  second  spraying,  la  aa 
area  over  which  1  saw  pksaas  pass  an  bath  D-day  aad  D+4  la  a  shallow  span  iwamp,  I 
wade  about  100 dips  aad  got  Marty  lJfflO  Anopheles  and  away  valid ac  larvae.  The  kasph 
alas  were  af  an  iastarr.  tai  ladlsg  away  fourth,  hat  I  fcaad  ae  pupae.  The  abeeacs  af 
Aaspheica  papas  thaoo  days  after  tbe  secead  spraying  nay  aseen  that  the  DDT  killed  the 
large  larvae  of  this  spectaa,  hat  certainly  the  effect  ea  larvae  waa  ast  greet,  area  la  this 
cwaplataly  epaa  water,  aad  there  waa  so  resides!  effect. 

A  staple  heavy  application  aa  D-day  weald  probably  be  hatter  than  two  light  ease  aa 
ae  crust  v»  day*.  In  any  ease,  the  aveoaat  af  DDT  pat  down  os  lierotai  was  probably  la- 
afldcat.  Although  Initial  spraying  ef  a  new  bcerhhead  has  to  be  done  by  tbe  Air  races 
from  a  distort  base,  later  spray  lags  ought  to  be  dear  from  the  brerhhra  d  Itself  by  property 
egatpped  Cab  Please. 


•Mnmdw.  Cat.  M  .art's  C.  ltaeUT*.  MC.WU.Cd.  OsCUlth  I-  Orth,  MC.  11  Aag.  1*44. 
sabjeet :  Iswet  Coated  (DDT).  SWPA. 

"  LfCter.  Capt.  f.  1.  Darilartsa.  .tr..  OeC.  OSes  sf  lbs  Sarssan  XI  Carpi,  ts  gsrprsa.  With  c.g. 
Army.  IT  gapt  1*41.  ssbje-t :  Alrptsae  gprayhw  sf  DDT  as  Usrdat  tdaad. 
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The  15  September  spraying  was  at  the  rate  o’  0.13  pound  per  acre,  the 
spraying  next  day  was  at  the  rate  of  0.40  pound  per  acre,  and  on  HO  September 
the  rate  was  0.30  pound  per  acre. 

Biak  was  sprayed  in  October  1044,  and  Ilollandia  in  November. 

The  plan  of  applying  DDT  in  connection  with  landing  o]k>  rations  appears 
to  have  been  well  thought  of  by  both  malaria  control  men  and  operational  of¬ 
ficers.  The  latter  did  not  appear  to  have  been  sufficiently  impressed,  however, 
with  the  need  for  previous  preparations  of  supplies,  equipment,  flying  person¬ 
nel,  and  careful  application. 

Oil  solutions  of  DDT  were  used,  but  Mr.  Douglas  Waterhouse  (Council 
for  Industrial  and  Scientific  .Research  at  Canberra)  thought  emulsion  might  be 
applicable.  The  following  formula  was  his  c  itoice  after  testing  many  emulsify¬ 
ing  agents :  F rom  SO  to  S5  parts  detergent  ( Bosetol,  Tween  60,  or  Solvadine  BL) 
used  with  75  to  80  parts  of  chlorobenzene,  containing  00  percent  DDT.  The 
mixture  is  suitable  for  preparing  emulsions  with  any  type  of  water  and  is  quire 
stable  in  storage. 

Extensive  work  was  carried  on  during  November  1044  under  the  direction 
of  Capt.  William  C.  McDuffie,  SnC,  to  develop  standard  technique  for  apply¬ 
ing  DDT  oil  solutions  from  the  air.  As  a  result  of  this  work,  improvements 
were  developed  which  resulted  in  more  HTcct  ire  use.  As  t  he  combat  area  moved 
north,  however,  the  need  for  airplane  application  of  DDT  lessened. 

Equipment  for  airplane  application  of  DDT  received  attention  from  the 
Australian  and  American  authorities.  Littlo  testing  of  the  Husmann  spray 
equipment  on  Cub  planes  was  done.  Some  tests  carried  out  by  the  Fifth  Air 
Force  in  March  1944  showed  the  equipment  to  be  satisfactory  for  small-scale 
work.  Most  authorities  felt  that  such  equipment  might  be  advantageously 
employed  in  base  or  intermediate  areas  where  extensive  breeding  places  must 
be  treated  and  especially  where  native  labor  was  scarce.  Majc  emphasis  was 
placed  and,  in  tlie  opinion  of  these  authors,  rightfully,  on  the  development  of 
equipment  for  use  on  fast  planes  in  combat  areas. 

The  Australian  group  experimented  with  the  use  of  wing  and  belly  gas 
tanks  on  Bennfort  light  bombers,  which  planes  were  widely  available  for 
such  use.  The  wing  tanks  held  about  OU  gallons  ( British)  and  belly  tanks  about 
135  gallons.  They  were  already  fitted  with  dump  valves,  about  5  inches  in 
diameter,  controlled  by  air  pressure  lines  from  the  cockpit.  They  could  be 
opened  and  dosed  readily,  thus  conserving  the  solution.  The  exhausts  wen 
fitted  for  applying  insecticide  with  a  trpeted  spout  similar  to  the  spout  on 
the  .American  CWS  tanks,  end  the  oil  was  broken  ep  well  with  the  slipstream. 
Initial  work  in  New  Guinea  indicated  that  airplane  spraying  with  DDT  was 
highly  effective  against  larvae  and  adults  of  AnopktUt  ywetshtw. 

In  preliminary  tests  with  a  5-  to  8-mile  wind,  flying  at  a  height  of  100  feet 
at  a  speed  of  170  m.p  J*.  and  the  two  wing  vents  open,  good  coverage  was  secured 
over  a  swath  about  800  feet  wide  and  some  coverage,  for  800  to  900  yards.  It 
was  observed  that,  in  some  instances,  as  little  as  SO  percent  of  the  solution  could 
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be  accounted  for  on  the  ground  us  indicated  by  dyes  in  tuc  solution.  The  two 
openings  in  tlie  belly  tank  (about  14  inches  apart)  appeared  to  give  coverage 
of  a  somewhat,  narrower  swath.  Tl»e  effects  of  corrosion  of  tanks  and  equip¬ 
ment,  and  its  effects  if  tanks  were  subsequently  used  for  gnsoline,  had  to  be 
considered. 

In  the  U.S.  Army  group,  initial  work  was  done  with  a  Piper  Cub  plane  and 
the  Ilusmann  spray  unit.  Later  tests  with  CWS  tanks  (M-10)  on  A-21's  with 
a  metal  disk  in  front  of  the  glass  disk  were  made  on  Owi.  The  metal  disk  was 
provided  with  a  wedge-shaped  o|>eiiiiig  with  the  curved  e<lge  down.  Then,  the 
glass  was  broken  by  detonation,  the  disk  slowed  down  the  discharge,  nnd  per¬ 
mitted  complete  discharge  of  the  oil.  This  work  indicated  the  need  of  manual 
control.  An  A-21  with  one  of  these  tanks,  flying  220  miles  per  hour  at  50  feet, 
gave  effective  coverage  of  an  area  approximately  2  miles  long  nnd  100  ynrds 
wide.  In  these  tests,  32  gallons  of  material  was  used,  and  it  covered  lilsmt  72 
acres. 

A  new  CWS  smoke  tank  (ELD)  of  195-gallon  capacity  was  mounted  in  the 
bomb  bay  of  a  low-level  bomber  aircraft  14-25-D.  This  equipment,  flown  at 
200  m.p.h.  at  an  altitude  of  100  feet,  gave  effective  covering  of  an  area  200  yards 
wide  and  4.4  miles  long.  The  preliminary  work  was  done  at  Xadzab,  and  excel¬ 
lent  kills  of  test  insects  were  secured. 

Drainage  and  filling 

With  the  rapid  northward  shifting  of  the  war  theater,  extensive  and  ex¬ 
pensive  drainage  operations  exclusively  for  mosquito  control  were  not  war¬ 
ranted  and  were  not  carried  out.  Furtliemi  re,  the  rather  lieavy  machinery 
necessary  to  carry  out  this  procedure  economically  was  not  generally  available, 
since  it  was  required  for  construction  of  sirstrips  and  roads.  There  were  some 
rather  large  hand-dug  ditches  near  Ism,  ind  such  work  was  expedited  by  the 
use  of  m  hulk! oxer  to  clear  off  the  surface.  Some  dynamite  was  also  employed 
for  swamp  ditching.  Shell  craters  were  used  for  earth-covered  damps  and 
thus  were  gradually  filled.  Roadside  drainage  was  improved  in  many  cases, 
thereby  eliminating  important  breeding  places  (figs.  59  and  50). 

Destruction  or  burial  of  manmade  water  containers  was  s  Brat  requisite 
after  taking  over  previously  inhabited  areas.  Experience  showed  that  sage 
swamps  and  rain  forests  should  be  opeoed  up  as  little  ss  possible,  since  elimina¬ 
tion  of  shads  induces  breeding.  Logging  operations,  however,  did  that  and 
also  left  the  areas  cut  up  so  that  water  remained  on  the  ground.  Them  areas 
required  special  attention  and  were  diflenlt  or  impossible  to  control  by  conven¬ 
tional  larvicide  methods. 

NaturaliMk  control 

Little  or  no  effort  was  made  to  transplant  fish  into  mosquito- breeding  po<4s. 
So  many  of  them  p>ob  were  temporary  that  the  fish  would  soon  have  been 
killed.  In  some  more  permanent  water  where  breeding  occurred,  top-feeding 
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minnows  wen  observed  in  great  numbers  and  undoubtedly  served  to  hold  down 
mosquito  breeding.  Manipulation  of  fish  did  not  appear  to  have  much  practi¬ 
cal  value  under  New  Guinea  conditions.  Some  predaceous  mosquito  larvae 
were  collected  and  reared. 

Water  impoundment  and  control  of  water  levels  seemed  to  have  no  place  in 
the  control  of  mnequitoes  in  connection  with  the  war  operations  in  New  Guinea. 

Mapping 

Some  survey  units  reported  shortage  of  drawing  equipment  for  mapping. 
Opinions  regarding  tlie  value  of  niape  differed.  In  general,  they  were  thought 
to  be  useful  even  though  the  picture  regktding  breeding  places  created  by  U.S. 
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operations  changed  almost  from  day  to  day.  Aerial  photographs  were  used 
by  some  but  were  not  generally  regarded  as  highly  useful. 

Aduh  Mosquito  Control 

Environmental  measures  that  were  employed  in  this  theater  against  adult 
moequitoee  included  killing  by  means  of  insecticide  sprays  and  screening. 
Under  ideal  climatic  conditions,  the  pyrethrum  spray,  as  dispensed  by  the  Freon 
Aeroeol  container,  was  very  elfectire.  However,  in  the  majority  of  tropical 
conditions  where  an  attenqtt  was  made  to  maintain  the  maximum  ventilation, 
it  was  found  that  five  efficiency  of  tlie  pyretlmiin  spray  was  much  less  than 
would  be  expected  in  a  relatively  confined  area,  owing  to  the  rapid  dispersion 
of  the  mist  by  tlie  hreese.  Airplanes,  when  returning  from  malarious  to  non- 
mslnrions  areas,  wen*  sprayed,  in  nn  atteni|»t  to  prevent  further  spread  of 
mosquitoes,  and  introduction  of  s|iecies. 
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Xo  use  was  made  of  organized  mlnlt  spraying  details,  lava  use  t lie*  principal 
malaria  vector  (.1.  /nmrl n/tititx)f  when  on  the  wing  or  iittcnipting  to  feed,  is 
often  not  noted  by  the  lay  person  and  in  many  ureas  was  difficult  to  capture 
l»y  ex|>erieiiced  observers  using  standard  witching  methods.  On  oilier  occa¬ 
sions,  adult  spraying  was  impossible  liecnu.se  of  inadequate  supplies  of  pyre- 
thrum  sprays,  alt  hough  this  situnt  ion  was  Inter  corrected.  Wire  screening,  even 
when  available,  did  not  prove  practicable  in  the  forward  installations  of  this 
theater.  This  was  because  the  majority  of  the  buildings  were  of  native  type 
(thatched)  of  construction  which  did  not  lend  itself  to  screening.  Even  build¬ 
ings  of  better  construction  were  left  with  niuuy  openings  through  which  adult 
mosquitoes  gained  admission.  Some  <>l servers  Iielieved  that,  unless  extremely 
intelligent  use  of  screening  was  made,  the  employment  of  it  led  to  u  sense  of 
false  security  rather  than  to  effect  ire  protection. 

Theater  directives  specifically  stated  that  all  staging  areas  and  campsites 
were  to  be  loented  so  as  to  avoid  proximity  to  native  villages  uiul  camps  and 
to  those  areas  known  to  have  a  heavy  imputation  of  iniilariu-enrrying  mosqui¬ 
toes.  Natives  were  removed  for  at  least  1  mile  from  all  installations  lietween 
dusk  aiul  dawn. 

Suppressive  Treatment 

Troops  under  orders  to  move  from  tlie  Australian  mainland  to  malarious 
areas  were  given  two  Atnhrine  tnhlets  (OJJ  gnt.)  daily  for  the  7  days  im¬ 
mediately  preceding  tlie  exjiected  date  of  arrival  in  malarious  areas.  Troops 
arriving  in  malarious  areas  wit  limit  having  rweived  previous  suppressive  niedi- 
cation,  as  frequently  happened  with  new  units  from  the  United  States,  were 
given  four  Atabrine  tablets  (0.40  gm.)  daily  for  the  3  days  immediately  after 
arrival,  and  then  continue*!  on  with  the  rout  ine  suppressive  treatment.  Stand¬ 
ard  Atabrine  treatment,  was  directed  for  all  troops  in  malarious  areas;  the 
policy  was  one  tablet  (0.1  gin.)  per  man  daily.  Suppressive  Atabrine  was  ad¬ 
ministered  by  roster  in  the  presence  of  a  commissioned  officer  in  such  a  manner 
as  to  insure  that  each  person  actually  swallowed  the  medication.  Under  cer¬ 
tain  circumstances,  such  as  in  combat  areas,  where  it  was  found  impossible  to 
hold  a  daily  Atabrine  formation  and  the  need  for  maintaining  a  fully  effective 
trained  unit  over  a  period  of  time  was  particularly  great,  an  alternative  regimen 
of  five  tablets  (0.5  gm.)  twice  weekly  was  used  with  success  and  was  sufficient 
to  maintain  effective  blood  Atabrine  level. 

Method  of  administering  Atabrine 

Tlie  method  of  administering  Atabrine  after  mess,  preferably  after  the 
evening  meal,  was  as  follows : 

1.  The  soldier  proceeded  to  lyster  bug,  or  oilier  water  supply.  Water  was 
allowed  to  run  into  his  canteen  cup  to  the  ilepth  of  not  more  than  one-half 
inch,  by  a  private  detailed  to  this  duty  and  to  that  of  regulating  the  rate  at 
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which  the  column  of  melt  iippmuth  the  “Altihrine  tnhle."  This  wiis  iiii|Mirtnlil. 
Crowding  in  llie  linn  | hm-iii  i 1 1 f<l  I  lie  iiupin)>ci-  dis]x*nl  of  the  drug. 

•J.  With  cnulecn  enp  containing  water  in  his  left  Imml.  the  soldier  pro¬ 
ceeded  to  receive  his  Alnhrine  with  at.  least,  a  distance  of  :>  feet  lictweeii  him 
mill  the  soldier  preceding  ami  the  one  following. 

The  approximate  dose  of  Atuhrine  was  delivered  into  his  ontstretehed 
right  hand  hy  an  enlisted  limn  detailed  to  this  duty.  I'niler  no  eondition  was 
the  soldier  allowed  to  “help  himself’  to  tin*  Atuhrine.  Without  closing  his 
hand,  the  soldier,  facing  the  siqtcrvisiiig  officer,  tossed  the  Atahrine  into  his 
month,  drank  the  entire  contents  of  the  canteen  clip,  anil  inverted  the  empty 
cup  squarely  upon  the  table.  These  acts  were  constantly  supervised  hy  the 
commissioned  officer  from  the  Itogiiiliilig  to  tile  end  of  the  “muster.*’ 

4.  The  soldier  proceeded  tn  ;i  distance  of  at  least  11  feel  to  “the  checker" 
(noncommissioned  officer)  to  whom  he  staled  his  full  inline  mid  rank  and 
waited  uni  il  his  inline  was  checked  oil  the  roster. 

5.  The  soldier  then  assumed  t  In*  |msit  kin  of  “nt  rase"  in  ii  second  format  ion. 
new  additions  to  which  took  their  places  in  front  ranks. 

The  formation  was  rontinually  su|**rvist*d  by  n  noncommissioned  officer 
whose  duties  were  to  detect  any  atteui|it  at  improjier  dis|»osal  of  tin*  Atabrine, 
to  keep  the  formation  at  m*,  mid  to  release  small  formations  after  the  last  man 
to  arrive  in  the  respective  format  ions  had  lieen  present  at  least  5  minutes. 
Stragglers  appeared  before  an  officer  to  take  tlieir  Atahrine  mid  to  he  credited 
for  having  done  so. 

Tin*  adoption  of  tlie  simple  metliod  of  Atahrine  administration  caused  a 
complete  cessation  of  recurrent  attacks  of  malaria  in  large  bodies  of  .ten, 
all  of  wltom  were  subjected  to  acute  episodes  of  this  disease.11  The  success  re¬ 
warding  Atahrine  suppressive  therapy  was  dependent  upon  the  thorough  ness 
with  which  the  administration  of  tlie  suppressive  agent  was  supervised. 

Suppressive  treatment  in  combat 

“The  Suppression  of  Malaria  in  Combat"  is  tlie  title  of  a  report  forwarded 
to  The  Surgeon  Genera)  from  a  malaria  research  unit  in  tlie  Southwest  Pacific 
and  is  summarised  as  follows :  ” 

There  la  ao  longer  an/  dooht  that  Atahrine  in  highly  effective  la  the  mipyrmelna  at 
aaalaria  even  la  ewabat,  tat  there  has  been  an  salty  at  nptakia  as  tn  Jast  hnw  ararh 
ssalaria  aright  he  expert  eJ  oorier  roppre  salon.  It  has  bees  Maintained  hr  ssaw  that  there 
Met  he  ao  auriarla  If  everyone  took  the  reant  red  aaoaals  of  Atahrine.  This  belief  was 
based  on  expert  swots  on  large  hot  necessarily  11  sit  ted  aoahers  of  seen  coder  leiattrety 
throrabie  conditions.  The  few  who  reported  with  clinical  malaria  had  been  suable  to 
lake  the  drag. 


“  letter.  Lt.  C.it.  Gmr»  O.  Dssras.  MC.  Hareena,  SHU*  Krresdtttoslsf  Crater  (Prer  ),  to  The 
talM  General,  4  Jar.  1*44,  aakjret:  Merieal  Orpartomt  Bepart,  tarter  a  re  thereto,  pt.  III.  The 
Atakrias  Harter. 

■  Matarls  Itfart  Ha.  m.  The  Sseere.alnr  ml  Mrlrrto  la  Contort.  0  On.  1*44.  la  Heard  tat  lbs 
Ceordtmattsa  at  Mr  la  riel  Stadlra,  A  Jatat  Bady  Con  power  mt  Be  per  re  ala  I  leer  at  the  Odn  at  SeVertlSe 
Itorarerb  aad  Prrvtrpoerol.  the  Arrj,  tie  Baey,  Oar  VS.  PaMIc  lira  It*  Perrier,  a  ad  the  Sattoaal 
Itoaaareb  Canned  Vai.  III.  lOdktol  reeved.  I 
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Serious  toxic  ptfn'ts — iitypieul  lichen  planus,  a  plastic  iiiiemiii,  ami  acute 
psychoses — were  iiifiequrnt,  though  an  inr  reusing  incidence  was  noted  during 
11144.  .Son tel i tiles,  they  resulted  in  prolonged  disability,  evacuation  front  the 
tlieater,  and  rarely,  dentil.  Moreover,  knowledge  of  toxicity  had  a  had  effect 
on  morale.  So  did  the  relatively  harmless  hut  sometimes nln  ruling yellow-green 
pigmeiitnf  ion  which  occurred  in  the  majority  of  those  lottjr  under  Atuhriue 
suppression.  Tlieiv  was  also  an  unfounded  latt  highly  prevnlent  niinor  that 
Atahriue  suppression  led  to  iuqioicucv  and  sterility.  Such  a  had  effect  did 
these  toxic  effects  and  these  minors  have  on  ntorale  that  they  sometimes  cou- 
stituted  a  serious  interference  with  effective  Atuhriue  suppression.  All  nieiitioii 
of  innliirial  incidence  mid  toxic  effects  of  Atalirine  Inal  to  la*  liatmed  hv  the 
censorship  to  avoid  quotations  in  the  Anstniiiaii  pti|irrs  which  reached  the 
Allied  Forces. 

Supplies  of  Atahriue  generally  wen*  adequate  throughout  the  theater. 
Ill  the  few  instances  wlien  the  supply  ran  low,  tltetv  was  always  enough 
avail  able  among  the  men  to  avoid  u  hrettk  in  the  routine. 

Conclusions  of  a  emit  nil  led  study  of  the  jiersoiuiel  of  the  ltftifli  Infantry 
liegimeiit,  ;’.2d  I)i  vision,  ns  follows ; 

1.  When  1.0  gm.  Atalirine  was  taken  every  week,  at  least  t»H  jierceiit  of  I  lie 
troops  were  protected  against  clitiicid  malaria. 

2.  Difficulties  of  admin  ist  rat  ion  in  tlie  field  mid  tlie  inability  of  a  certain 
portion  of  tlie  men  to  retain  their  0.5  gm.  were  at  least  three  times  as  important 
as  tnie  “luvaktlinaqrlis"’  in  producing  a  rate  of  140  |a*r  1,000  per  year. 

:j.  Even  wlien  timre  than  50  percent  of  tlie  tnaifis  would  have  developed 
malaria  in  2  months  had  tliey  not  heeit  protected  by  Atalirine,  suppression  with 
this  drug  was  ea|ialile  of  keeping  t  lie  clinical  rate  during  comlait  at  a  negligible 
rate. 

Epidemiological  aspects  of  suppression 

A  summarized  field  research  report  on  tlie  epidemiological  aspects  of  Ata- 
Lrine  suppression  follows.’* 

As  this  was  the  first  time  that  an  Atabriuized  army  had  fought  in  a  hyper¬ 
endemic  malarious  area,  it  was  important  that  tlie  part  that  Atabrine  played 
not  only  in  tlie  suppression  of  clinical  malaria  bat  in  tlie  prevention  of  epi¬ 
demic  malaria  lie  understood.  Atalirine  had  a  direct  effect  on  wW  garnet  ocytes 
and  prevented  tlie  development  of  falciparum  gametncy.’es  in  adequately  sup¬ 
pressed  individuals.  Tims,  it  prevented  tlie  infect imi  of  mosquitoes,  which  in 
turn  meant  fewer  infections  of  oilier  sokliers.  This  cutting  off  of  the  source 
of  further  infection  math*  it  jxisMble  for  tnxipx  to  fight  in  hyperendenii'*  areas 
with  a  high  ilegree  of  pnHetliou  from  Atabrine  and  n  resultant  greatly  de¬ 
creased  amount  of  infection. 


«  Ultrr.  Malaria  KhmiSi  fill.  .14  MnDnl  |jikn»»t..rjr.  Thr  Samr»n  llraml,  s  Jaa.  IMS 
:  RrfwtH  ??».  13,  TW  KpWflnlmlnl  fMcnUmKcv  *»f  AffaMar  myyfwl— . 
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Epidemic  fufri/Mimm  iniilii  riii  in  t  lit*  tropics  acquired  its  explosive  until  re 
by  the  geomet rie  increase  in  llio  iiiniilier  of  crescent  enrriers  which  ilevelo|ie<] 
in  tin*  lioniinliilllie  population.  Although  the  increase  of  iinoplielines  hi-onght 
alioiit  by  the  troop  o|ier»tions  also  phiyeil  n  large  part  in  the  genesis  of  the 
epidemic,  mi  increase  of  anophelines  alone  with  ininiiniil  numlier  of  giimeto- 
cyte  curriers  whs  incnpahle  of  producing  the  epidemics  ex|ierienced  hy  imth 
(lie  American  ami  Australian  Annies  in  the  early  campaigns. 

Unfortunately,  there  air  no  studies  available  of  the  gametoryte  and  mos¬ 
quito  infection  rate,  from  the  beginning  to  the  end  of  an  epidemic,  hut  it  is 
|iossihlr  to  compare  the  rates  olMained  during  endemic  and  epidemic  situations. 
The  outstanding  epidemic  of  tnahiriii  in  an  unprotected  mid  lioniinliilllie  jiopn- 
liition  occurred  in  the  Netherlands  Kasl  Indies  colony  of  Tnmilimerah :  here, 
the  attack  rate  reached  an  average  of  four  yearly  attacks  jier  person.  It  was 
duiing  this  epidemic  that  the*  highest  infection  rate  of  mosquitoes  was  ob¬ 
tained— 1:1.7  jieiveiit.  lleydon  "•  at  Itnlaiul  found  n  s|Minwoite  rate  of  3.9 
percent-  and  an  oocyst  rate  of  3.0  percent  in  220  dissections,  despite  a  low 
parasite  rate  in  the  natives,  lfeydoit,  however,  Udieved  that,  since  most  of  tlie 
infected  anophelines  were  collected  from  houses  with  known  garnet ocyte  car¬ 
riers  and  since  they  were  kept  for  some  days  I  a*  fore  dissect  imi.  this  rale  does 
not  reflect  the  general  rate  in  nature. 

Finally,  it  is  of  interest  that  the  lowest  reported  infection  rate  of  mos¬ 
quitoes  (0.06  percent  of  1,735  dissections)  was  obtained  during  an  off  season 
for  malaria  transmission  at  tlie  native  villages  near  Iatlapipi,  and  it  was  Item 
also  that  tlie  lowest  gametoryte  rate  was  obtained  in  tlie  native  surveys.  It  is 
true  that  local  conditions  contributed  to  this  abnormally  low  rate  in  A.  punctu- 
Jatu*,  but  it  is  believed  that  tlie  data  just  cited  establislied  tlie  fact  that  in  New 
Guinea  and  elsewhere  tlie  re  is  a  direct,  altliougii  not  constant,  relationship  be¬ 
tween  tlie  epideiuicity  of  a  situation  anti  tlie  infection  rate  in  tlie  anoplieline 
vector. 

The  combination  of  (1)  an  efficient  vector  in  sufficient  numbers,  (2)  a  large 
number  of  susceptible*,  ami  (3)  a  few  infections  to  start  the  chain  of  trans¬ 
mission  make  epidemic  malaria  inescapable.  This  had  been  true  regardless  of 
the  siae  of  the  original  reservoir.  One  of  tlie  most  devastating  of  military 
epidemics  occurred  daring  the  southern  campaigns  in  the  Civil  War  in  areas 
which  had  only  moderate  endemicity.  Tims,  the  amount  of  infection  in  the 
natives  is  of  relatively  little  importance  in  tlie  ontlireaks  of  epidemic  malaria 
in  unprotected  troojm.  If,  however,  tlie  great  majority  of  soldiers  cannot  be- 
crine  gametoryte  carriers  because  of  adequate  Atabrine  suppression,  tlie  epi- 
d  mic  cannot  occur.  Tlie  amount  of  infection  left  lieliind  by  enemy  troops  will 
have  a  sluirt-Iived  effect,  while  the  amomii  of  infection  caused  by  the  natives 
is  of  much  less  importance  since  contact  is  usually  not  chaw. 


a  llrySai.  11  A.  X. :  Malaria  al  Hakaal.  M.  J.  i  Iralla  3 .  «3*  «!».  ftwSr  1*33. 


SOI'TIIWKHT  1‘At'l Kit'  AltKA 


If  the  foregoing  thesis  of  the  smothering  effect  of  Atnhrine  suppression 
on  epiilemic  inn  hu  m  is  correct,  it  should  lie  (Missihh*  to  demonstrate  n  direet 
relationship  between  the  iintlnriti  ntie  under  suppression,  the  punetoeyte  rate 
in  the  troops,  and  the  infection  rate  of  the  lunstpiitocs  collected  front  troop 
areas  (tables  7'>  and  TO) .  1  iconise  Aliihriue  hud  a  direct  effect  on  the  rivals 
gametocytes,  lint  none  on  the  falri/uinnii  crescent*.  one  expected  to  litul  that 
with  srood  lint  ini|>erfect  suppression  only  fuMpn.-urn  carriers  are  discoverable. 


ablk  75.—  (’nmpfiriHOn  of  §nmHorpfr  rntr  and  •itniarin  rat’  in  *t  hrfrd  troopa,  /.9  J  { 
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fcttm';  letter.  Malaria  Reaeareh  I'nil,  >1  Methral  Isiihomtory,  to  The  Htvtrati  Orwrol,  »  Jaa.  IM&,  mbjrrt:  Hepnvt 
No.  I  A,  The  Epfclrmlolofind  HimlAranee  *j4  Atahrim  Hopyiwlna. 
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■wo*:  latter,  MaUria  lUiorth  1'htt.X  Mrikal  lah— Iwy,  to  Tha  Woryroo  Geftal,  I  »ia.  ml.  whim:  Ihyot 
No.  U,  Tha  Kpnhwirf^riial  W— llraorr  <4  Alai  ritte  Pmppmmkm. 


The  expected  falcifwrum  gamMoryte  rate  in  troops  as  shown  in  tables  7ft 
and  76  may  be  calculated  on  the  following  awnunpt ions : 

<  Jtw  a  rate  «f  3tn  per  1.IKW  |irr  year,  nan  at  nwjr  Iw  an  was  I  alerted  nek  rear.  If 
half  <  f  these  Infect  haw  are  /atr/para  at  aad  If  nae-lhlrd  cf  these  la  fret  Saw  hamate  crescent 
ra triers,  the*  1  n(  etetr  hi  urn  will  he  a  crescent  carrier  each  year.  War  the  carrier 
state  lasts  a  little  near  a  aswth.  at  any  flat  nae  alikl  expert  i  la  3HI  am  In  hare  cresreata. 

If  one  assatars  that  the  seers  ire  life  of  .*.  pssrlatafas  Is  a  Is  Sit  2  weeks,  and  If  al  least 
SO  perreat  of  her  bhasl  swats  are  hSBMis,  thra  the  arerasr  I  yssrltlelw  will  hare  had  at 
ieaat  twu  haaiaa  Mmd  Steals.  If  only  I  per  am  an  itre  «  weal  carriers  aad  If  naly  war- 
half  of  the  rresceal  carrier,  are  lafrrltowa  for  awxiltnw.  thra  naly  I  per  3SO  at  the  wild 
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caught  uiHipliflliM^i  may  to*  ex|>e<te«l  In  he  Infeclctl.  Thw  iiilculiitlmiH  nrv  imnlt-  for  tbe 
falciparum  Infection*  alow.  The  presence  of  rlrajr  carrier*  ill  the  slime  time  would  change 
Ihe  figure*  1ml  Mould  nol  be  great  enough  to  change  the  order  of  loiuinltiide. 

It  may  he  concluded,  therefore,  tlmt  the  majority  of  infections  which  are 
acquired  by  troo]>s  under  |>oor  or  imnlequnte  suppression  come  from  the  troops 
themselves,  and  ns  suppression  ltecomes  more  i  ter  feet.  a  linger  iterreiitngc  of  the 
infectious  will  come  front  the  natives  anil  enemy  troo|>». 

Nevertheless,  it  It  lions'll  the  troojts  themselves  were  the  chief  source  of  infec¬ 
tion,  it  wits  also  trite  that  in  ninny  areas  of  the  thenler  there  were  ronsitlernhle 
reservoirs  of  pi rnctocytes  in  local  imputations.  Tlte  rrmovnl  of  villages  to  an 
optimal  distance  of  2  miles  front  troop  ureas  and  the  Itnrriitg  of  troop  areas  to 
all  natives  front  late  afternoon  until  full  morning  light  were  certainly  impor¬ 
tant  measures  for  lessening  the  transmission  of  iimlarin  to  troops. 

Plasm  whin  naphihoate 

Plasmochin  nnphtlioate  lias  often  been  used  in  the  routine  treatment  of 
falciparum  malaria  with  tlte  idea  of  eliminating  orescent  carriers  and  thus  of 
cutting  down  on  tlte  spread  of  the  infection  among  tlte  troops.  This  would  lie 
sound  reasoning  if  most  of  tlte  |iersons  who  are  carriers  of  gametocytes  had 
previously  been  hospitalised  for  malaria.  With  increasingly  adequate  suppres¬ 
sion,  however,  the  gametoryte  rate  drops.  Secondly,  only  a  small  proportion 
of  the  gametoryte  carriers  found  on  routine  surveys  have  been  hospitalized  for 
malaria.  Of  tlte  four  crescent  carriers  who  were  picked  up  on  routine  surveys 
and  whose  histories  were  cltecked,  one  denied  ever  having  been  sick.  Of  the 
others,  one  had  been  hospitalized  for  dengue  and  two  for  fever  of  undetermined 
origin  several  weeks  previously.  Parasites  had  not  been  detected  in  any  of 
them.  Thus,  none  of  these  cases  would  have  received  Plasmorhin  naphthoate 
through  routine  treatment  of  malaria.  The  development  of  a  crescent  carrier 
state  during  indifferent  suppression  was  demonstrated  in  another  person  who 
on  routine  survey  was  found  to  have  100  rings  per  cubic  centimeter  of  blood 
but  was  without  symptoms.  A  repeat  smear  a  month  later  showed  10  crrecents, 
although  he  had  at  no  time  been  sick. 

Some  specific  jfwfies 

In  the  following  section,  specific  data  are  present*:  concerning  s  variety  of 
units  under  different  conditions. 

A  grad  deal  of  emphasis  has  been  placed  on  the  dileulty  of  malaria  con¬ 
trol  in  combat  areas  with  the  result  that  it  is  often  not  realised  that  even  during 
“good  mosquito  control”  in  an  established  base,  a  large  portion  of  the  men  lie 
came  infected.  A  port  company  which  arrived  in  one  of  the  bases  some  months 
after  it  was  established  and  which  was  quartered  out  of  flight  range  of  any 
native  village  became,  under  indifferent  suppression,  highly  infected.  Six 
months  after  arrival,  they  had  17.2  percent  positive  smears  and  had  a  rate  of 
442  per  1.000  per  annum.  A  station  hospital  which  arrived  in  the  base  some 
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montlis  after  that  had  7.1  percent  jK)«itive  snienrst  with  a  rate  of  287  per  1,000 
men  per  annum.  Because  of  poor  suppressive  ami  little  personal  antiniosquito 
protection,  these  troops  served  ns  the  source  of  their  own  infection  and  built  up 
a  high  rate  despite  tlie  extreme  paucity  of  adult  anophelines  and  the  lack  of 
contact  with  infected  natives. 

12th  Cavalry  Regiment. — The  12th  Cavalry  Regiment  of  the  1st  Cavalry 
Division  is  an  interesting  example  of  what  good  Atabrine  suppression  can  do 
in  the  wnv  of  preventing  epidemic  malaria  in  troo]>s.  Tiie  malaria  rates  for 
this  regiment  from  March  to  July  1044,  which  are  representative  of  the  divi¬ 
sion,  are  shown  in  the  following  tnhulnt  ion : 


Jterr  per 

!.«•#  M<N 

Mmmth  prr  «nnnn» 

Mart'll . . . . . . .  ...  48 

April . . . . . . . . . .  90 

May...  _ _ _ _ _ _ _ _  W 

Jane. _ _ _ _ _ _ _  .  « 

July. . . . . . . . . . . . . .  5t 


Previously  during  staging,  they  had  only  a  few  cases  in  the  whole  division. 

Surveys  were  conducted  on  the  troops  on  24  April  and  13  July  1044,  1% 
and  4 ^  months,  respectively,  after  the  invasion  of  the  Admiralty  Islands. 
On  the  first  survey,  Atabrine  levels  were  very  satisfactory,  and  2.2  percent  of 
the  184  men  showed  positive  smears.  On  the  second  survey,  tire  Atabrine  levels 
had  dropped  so  much  that  had  this  group  of  men  been  heavily  infected  one 
would  have  expected  a  high  malaria  rate.  Actually,  they  did  not  have  a  high 
rate,  and  only  3  percent  of  200  men  showed  positive  smears. 

Them  results  were  aided  by  the  fact  that  Lm  Negros  is  a  predominantly 
coral  island,  and  thus  both  adult  and  larval  anophelines  were  not  common. 
Only  90  adults  were  taken  on  repented  collections  near  the  native  village.  The 
paucity  of  anophelines  on  Loo  Negros,  however,  explains  the  overall  low  rate 
which  was  present  in  the  entire  division  throughout  their  period  of  combat 
and  following,  for  anopheline  larva  and  ad  alts  were  very  common  on  the  nraddy 
clay  soil  of  Manns  Island.  One  evening’*  all  night  catch  in  an  Australia  New 
Guinea  Administrative  Unit  labor  camp  about  a  week  after  combat  troop*  bad 
left  the  area  yielded  over  190  adults.  The  authors  suggest  then  that  the  cam- 
peign  on  the  Admiralty  Islands  (amp  98)  is  an  excellent  example  of  the 
ability  of  Atabrine  snppsemion  therapy  to  prevent  epidemic  malaria  and  thus 
a  largo  number  of  in  feet  ions,  even  during  combat  in  a  hyperendemic  nudarkma 
area. 

ttd  Kafaatry  DhUm, — A  different  picture  was  presented  by  the  90d  In¬ 
fantry  Division.  Their  previous  rampuigns  bed  left  them  with  a  large  load 
of  infection  to  start  with,  although  by  the  end  of  1949  and  the  beginning  of 
1944  about  one-half  of  the  men  were  replacements.  During  the  curly  part  of 
the  Seklor  Campaign,  anopheline  breeding  was  excessive  and  large  numbers 
of  adults  could  occasionally  be  collected.  The  largest  catch  made  by  the  per¬ 
sonnel  of  the  5th  Malaria  Survey  Unit  was  889  in  one  tent  in  in  all  night  catch, 
amr-u  —m 
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During  this  period,  tlie  entire  division,  including  the  liiSt 1 1  Infantry  Ilcgi- 
ment  which  was  studied  in  early  May  1U44,  was  taking  0.f>  gin.  At  u  brine  twice 
weekly.  This  regimen,  however,  did  not  produce  protective  plnMim  levels.  It 
is  iintnral  then  that  with  the  swnrnis  of  anoplieliiies  and  with  the  inadequate 
suppression  wliich  allowed  crescent  carriers  to  develop  (two  were  discovered 
in  400  smears)  considerable  infection  of  the  troops  would  take  place.  Yet 
suppression  was  good  enough  to  prevent  conditions  nppriMiching  epidemicity 
as  shown  by  the  low  infection  rate  in  the  titmphelines  (tnhle  T7). 


Tasi.K  77. — Malaria  allark  ralm  in  I  hr  IJHlh  anil  IJSIk  Infantry  Hrgimrutn,  January  July  I 
tRntr  winumlrr  ttfnw*  |»t  iinnum  prr  l.w»iavt<riifri‘MrrniitM 

Month  iwh  Infantry  IMh  fnfantry 


l*ii 

January . .  .  .  .  -  -  ...  .  .  WII  45 

February  .  ...  . . .  175  HS 

March.  - .....  .  '2111  175 

April  .  .  Ittft  IH4 

May .  .  .  . .  204  <41 

Jmic  . . .  :tT  I  M3 

July  -  - . .  ...,  134  150 


Snanr:  Mwlih  Ibcfrii  I'ill.ll  Mrllftl  LaSf  lory.  lo  The  Surrw  I  Ioi.-tuI.SJm.  im.lllh)rft:  K*f mrt 

Na.  15,  Thr  Kpi*lMnk4Dvk«l  SlrnlitaiH'  •  at  Alahfinr  BtlfHavirtna. 

Special  studies  were  ma«le  on  the  126th  Infantry  Regiment  during  July  in 
the  midst  of  tlieir  campaign  at  Aitape.  In  many  ways,  conditions  at  Aita|ie 
were  very  different  from  those  encountered  elsewliere  in  New  Guinea.  For 
weeks,  the  perimeter  was  relatively  static.  Large  areas  of  tlie  jungle  were 
cleared  for  lines  of  fire  in  front  of  tlie  pillboxes.  Tlie  continual  creation  of 
new  breeding  [daces  through  necessary  constructional  work  in  the  muddy  sunlit 
areas  of  the  jungle  oat  of  reach  of  ordinary  spraying  made  effective  mosquito 
control  very  dificult.  Collection  of  adult  anophelines  at  this  time  from  the 
jungle  hammocks  scattered  throughout  the  area  yielded  122  anophelines.  None 
of  them  was  found  to  be  infected. 

At  this  time,  special  study  was  made  of  the  126th  Infantry  Regiment  which 
during  the  previous  month  had  had  a  high  malaria  rate.  No  crescent  carriers 
wera  found  is  the  173  men  studied,  although  10  percent  of  the  replacements 
were  positive  on  careful  search  of  thick  smears.  Atabrine  determinations  taken 
on  the  men  at  raisloni  showed  excellent  levels,  as  reflected  in  the  drop  in  the 
malaria  rate  during  tlie  month. 

The  gory  of  this  division  may  be  reconstructed  along  the  following  lines: 
They  renewed  their  campaign  with  inadequate  suppression  which  allowed  sufi- 
rient  carriers  to  develop  among  tlie  troops  so  that  when  tliey  were  lighting  in 
areas  of  high  anopiieline  density  a  large  proportion  of  the  men  hecame  infected. 
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Nevertheless,  suppression  during  both  of  their  ciiinpiiigns  wits  grent  enough  to 
smother  any  tendencies  toward  an  epidemic,  as  shown  by  the  low  rates  of  infec¬ 
tion  in  the  mosquitoes.  The  story  of  this  division  again  is  an  example  of  the 
interrelation  of  mosquito  control  and  Atnbrine  suppression.  These  two  meth¬ 
ods  of  military  malaria  control  are  complementary.  If  one  method  is  inade¬ 
quate,  then  a  great  load  is  placed  on  the  oilier. 

41st  Infantry  Division. — It  is  often  (minted  out  tliat,  with  Atnbrine  sup¬ 
pression  exerting  its  dampening  effect,  it  is  impossible  to  know  just  how  much 
transmission  is  going  on  in  an  area.  It  is  suggested  that  greater  attention  lie 
paid  in  the  tropics  to  the  ratio  of  fnfci/xinim  infection  to  r/mr  malaria  as  a 
measure  of  this  t  ransmission.  It  is  now  well  recognized  that  fulci/xtrum  infec¬ 
tions  survive  only  a  few  weeks  under  Atahrine  suppression,  and  thus  rases  of 
falci/tarum  malaria  which  occur  in  suppressed  troops  must  have  lieen  acquired 
recently.  In  other  words,  one  is  able  to  follow  the  rise  and  fall  of  the  trans¬ 
mission  by’  following  the  |iercentnge  of  folri/Htnim  malaria  in  troops  under 
suppression  just  as  well  as  during  an  epidemic  in  unprotected  individuals.  The 
data  in  table  78  were  reported  from  the  41st  Infantry  Division  during  and  after 
their  campaign  on  liiak.  This  rugged  coralline  island  had  very  few  breeding 
places,  and  for  this  reason,  transmission  approaelied  zero  shortly  after  the  Divi¬ 
sion  landed  at  tlte  end  of  May.  After  this,  the  incidence  of  falciparum  malaria 
waned. 


Tail!  78. —  ,V«aJ*r  of  met  of  malaria  ia  Ike  (1W  Infantry  Uiririaa,  Jnne-Aaftui  1944 
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SIXTH  U. S.  ARMY  TRAINING  CENTER 

The  objective  in  establishing  the  Sixth  UA  Army  Training  Crater  was  to 
receive  from  combat  units  personnel  infected  with  malaria  and  to  prepare  them 
physically  and  mentally  for  further  combat  doty.  The  surgeon  waa  instructed 
as  follows: 

la  vtew  of  the  dtaappotatlas  remits  yielded  la  amay  ram  hr  awthoda  bow  la  practice 
ta  both  therm  pestle  sad  esppreasire  treatment  at  malaria,  the  Sarsena  oT  the  Crater  will, 
with  the  approve  1  at  proper  authority,  make  a  dUlseat  search  to  dlaroTrr  a  ad  iaalltote 
ether  ami  toon  proaUai  awaaa  at  dralias  with  thta  imUra. 
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In  pursuing  this  objective,  the  personnel  were  divided  into  companies,  and 
Atabrine  was  administered  according  to  seven  different  programs.  In  nil  in¬ 
stances,  the  Atabrine  was  given  after  tl»e  evening  meal,  by  roster,  anil  sn]>er- 
vised  by  commissioned  officers.  Parallel  studies  were  conduct  oil  in  such  a 
manner  as  to  reveal  unfavorable  ns  well  as  favorable  results  following  the  re¬ 
spective  suppressive  treatments.  Tlie  comparative  studies  comprised : 

1.  Average  daily  attendance  at  sick  call  from  the  resjiective  companies. 
Conditions  and  symptoms  noted  ut  sick  call. 

2.  Admissions  to  the  hospital  for  all  causes. 

Admission  to  the  hospital  for  proved  recurrent  attacks  of  malaria. 

4.  Incidence  of  tachycardia,  splenomegnly,  changed  hemoglobin  values, 
loss  of  weight,  abdominal  pain,  diarrhea,  vomiting,  fever,  arterial  hypertension, 
albuminuria,  blood  smeaiw  positive  for  malaria  orgnnisins,  and  increased 
“Atabrine  Tint”  to  skin  and  sclerae. 

5.  Need  for  reclassification  to  permit  milder  training. 

(1.  Changes  in  Wly  weight. 

7.  lllood  plasma  Atabrine  levels. 

These  Sixth  U.S.  Army  Training  Center  studies  were  summarized  as 
follows : 

1.  Each  of  several  Atabrine  suppressive  regimens  was  found  to  be  effective 
in  abruptly  and  completely  interrupting  recurring  attacks  of  malaria. 

2.  Despite  intensive  military  training  for  4  weeks,  in  two  of  which  the  exer¬ 
cise  periods  exceeded  80  hours  per  week,  it  was  not  possible  to  precipitate  an 
acute  attack  of  malaria  in  any  of  the  personnel  protected  by  Atabrine. 

3.  Recurrent  attacks  reappeared  from  2  to  4  weeks  after  discontinuing  sup¬ 
pressive  therapy. 

4.  There  was  no  evidence  that  Atabrine  afforded  less  protection  after  pro¬ 
longed  administration. 

6.  Extensive  parallel  clinical  and  laboratory  studies  conducted  over  a 
period  of  over  4  months  failed  to  reveal  any  disadvantage  in  using  a  larger 
amount  of  Atabrine  given  twice  weekly,  over  a  small  dose  given  8  days  per 
week. 

8.  Determination  of  the  concentration  of  Atabrine  in  the  Mood  plasma 
revealed  that  when  Atabrine  was  given  in  doses  of  1.0  gm.  per  week  (Oifi  gm.  on 
Mondays  and  Fridays),  or,  when  given  in  doses  of  0.4  gm.  every  third  day, 
few's  exceeding  30  gamma  per  liter  (the  therapeutically  effective  level)  were 
reached  at  some  period  in  each  24  hoars.  It  was  also  found  that,  for  the  moat 
part,  the  plasma  Atabrine  values  remained  below  30  gamma  per  liter  when 
0.1  gm.  of  Atabrine  was  given  daily  for  8  days  each  week.  Although  these  low 
concentrations  prevent  recurrent  attacks  of  malaria  under  favorable  circum¬ 
stances,  they  cannot  be  expected  to  afford  the  same  degree  of  protection  offered 
by  higher  concentrations  under  unfavorable  circumstances. 
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7.  Intensive  militiiry  tin ining  fiiiletl  to  » fleet  npprccitihly  tlie  concentration 
of  Atiiliriue  in  the  plnsimi  eoueent  rat  ion. 

8.  Frequent  plnsinii  Atnhrine  (ieteniiiinitions  mmle  on  |M>rsoiinel  receiving 
the  greiitest  mnoiints  of  Atnhrine  fniltnl  to  revenl  any  signilimnt  clmnges  in  the 
values  la* tween  the  fifth  nnd  ninth  weeks  of  the  suppressive  thenipv.  1'|hih 
withdrawal  of  the  drag,  the  plasnni  Atnln-ine  concentrations  declined  rapidly, 
reaching  levels  uffnrding  little  ant iinalitria  protection  on  the  fourth  day. 

It  was  further  concluded  that  Atnhrine  in  doses  of  gm..  given  every 
Monday  and  Friday,  offered  a  high  degree  of  nntimalaria  protection  and  was 
practicable  of  application.  Atnhrine  in  doses  of  0.4  gm.  every  third  day  was 
equally  effective,  Init  its  administration  was  morn  complicated.  The  selection 
of  the  therapy  of  o..*i  gm.  of  Atnhrine.  on  Mondays  and  Fridays,  recommended 
for  troops  in  coinlmt  was  based  on : 

1.  The  extieniely  small  incidence  (less  than  1  |terrent)  of  iinfnvornhle 
reactions. 

‘2.  Highly  protective  plasma  Atahrine  levels. 

3.  Tlie  especially  abrupt  cessation  of  recurrent  nttneks  when  this  suppres¬ 
sive  tlierapy  was  instituted. 

4.  Tlie  practicability  of  administering  the  drug  to  troops  at  tlie  front  in 
contrast  to  the  regimen  requiring  daily  medication. 

Only  6  persons  out  of  over  4.000  presented  a  real  problem  by  having  a  per¬ 
sistence  of  gastrointestinal  disturimnee  after  tlie  ingestion  of  Atahrine.  Three 
suffered  from  a  psydnaienrosis  with  a  moderately  severe  anxiety  state.  Two 
had  preexisting  chronic  disorders  of  tlie  digestive  tract,  ami  lieenuse  of  their 
inability  to  retain  the  dnig.  ear’ll  suffered  a  recurrent  attack  of  malaria  at  the 
Center. 


MALARIA  RESEARCH  GROUP 

Mention  should  also  he  made  of  the  results  obtained  by  the  malaria  re¬ 
search  group,  including,  for  example,  the  various  studies  made  by  Dr.  Frederick 
B.  Bang  and  others  on  the  relative  effectiveness  of  different  forms  of  therapy; 
the  proof  of  the  e*cierK-y  of  Atahrine  malaria  control  in  a  malarious  area  that 
was  obtained  as  a  result  of  the  “Sooner”  expedition  to  Milne  Bay ;  the  evidence 
obtained  there  and  later  confirmed  by  the  experimental  work  of  Fairley  that 
Atahrine  suppression,  at  the  rate  of  one  tablet  a  day,  will  not  prevent  infection 
with  faleijMtnm  malaria  but  will  bold  it  in  a  subdinical  state  and  eventually 
cun  it;  and  the  studies  made,  on  the  instigation  of  Col.  Earle  M.  Rice,  MC, 
fay  the  hospitals  in  Base  3  (Brisbane)  on  the  characteristics  of  the  New  Guinea 
variety  of  tertian  malaria.  It  was  on  the  proof  afforded  by  these  studies, 
and  by  the  parallel  studies  in  Australian  hospitals  on  Atherton  Plateau,  that 
the  determination  was  reached  that  the  relapse  rate  of  this  type  of  malaria 
was  so  high  that,  if  troops  were  to  he  kept  in  combat-worthy  condition,  con- 
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tinuous  Atabriue  mipprrsHUMi  of  malaria-infected  units  might  lie  maintained 
not  only  in  Xew  Guinea  l»ut  in  Australia  a«  well.* 

PERSONNEL  TRAINING 

The  enforcing  of  effective  personal  measures  for  the  ]>revention  of  malaria 
was  the  greatest  problem  of  the  control  program  in  this  theater.  It  was 
essential  that  both  oCcers  and  enlisted  men  receive  frequent  reminders  of 
precautions  to  he  observed.  To  sid  unit  comma  riders  in  this,  nudariologists 
were  available  in  a  majority  of  the  forward  areas.  Two  antimalaria  schools, 
one  in  New  Guinea  and  one  on  the  Australian  mainland,  were  established  lor 
the  instruction  of  medical  oAcers  as  well  as  officers  of  all  other  brandies. 
Schools  for  instruction  of  company  or  unit  antimalaria  details  were  conducted 
by  nudariolagiata  and  the  oDeere  and  man  of  the  malaria  survey  unit  and 
malaria  control  unit  in  the  area.  Training  Films  8-963,  “Malaria,  Cause  end 
Control,”  and  9-868  A,  Walt  Dianey’a  “Winged  Scourge,”  were  widely  drawn 
in  forward  arena  and  in  the  antimalaria  school*  Tht  use  of  roadside  signs  with 
pertinent  slogans  were  of  gnat  value  in  the  educational  campaign.  Several 
posters  wen  produced  in  this  theater  for  unit  bulletin  boards  (figs.  81,  62, 
and  63). 


"  (1)  TaMer.  It.  H. :  can*  Mutt  watte  I»WIW»I»  nt  Pnfk^ula  la  Malaria.  Tr.  Bar.  Sac. 
Trap.  MaA  4  Hue.  ** :  111 -M3.  Mar  IMS.  <*)  Falrlaj,  X  H  :  Atakriaa  SaacaptMUtr  at  tka  AUasa- 
Waarak  Btralaa  a#  f,  /ilrtpamai  aa4  P.  rirmr,  Tr.  Bar.  Sae.  Tnif  M.  4  H j*.  4* :  23S-STS,  DaeaaOar 
ISM.  (I|  Valriaj.  It.  H. :  RMrllckn  aa  Malaria  la  Maa  OktalaaS  hr  Sab-laaealaUaa  IiyaHanata. 
Tr.  lav.  Bar.  Trae.  Dai  4  Bjc.  M:  Mar  1MT. 
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SWPA  Malaria  Schools 

A  malaria  control  training  school  was  organized  at  Brisbane,  began  in¬ 
struction  in  September  1943,  and  continued  for  almost  a  year.  Two  sessions 
were  held  each  week,  one  for  line  officers  and  one  for  medical  officers.  With 
an  average  of  15  to  20  officers  in  each  class,  a  total  of  1,500  to  2,000  attended 
the  school.  In  1944,  the  school  was  transferred  to  Finschhafen,  New  Guinea, 
as  troops  for  the  United  States  were  then  arriving  there  instead  of  Brisbane. 
A  school  offering  courses  for  medical  and  line  officers  was  started  at  Base  A  in 
March  1944,  and  later  a  course  for  nurses  was  introduced.  Some  851  officers 
and  nurses  received  instruction. 

This  theater  found  that  visual  education  was  a  very  important  feature 
in  the  forward  areas.  “Sign  board’'  education  was  highly  developed  because 
of  the  shortage  of  trainiug  tilms  with  (1)  dock  signs  wherever  troops  landed, 
stressing  that  this  is  a  highly  malarious  area  and  asking  cooperation,  and  (2) 
road  signs  of  many  varieties.  Some  areas  used  “Burma  Shave”  typ" 
signs;  others  used  pictures  of  clothed  and  practically  unclothed  female  iigrres. 
All  signs  and  wording  utilized  were  suggested  by  the  enlisted  men.  It  was 
realized  that  paint  in  assorted  colors,  and  brushes,  should  be  part  of  the  t.ible 
of  basic  allowances  of  every  control  and  survey  unit. 

As  the  essence  of  environmental  control  was  found  to  be  tl»e  clicking 
of  areas  for  breeding,  one  personable  enlisted  man  from  each  control  unit  was 
asigned  as  liaison  man.  His  sole  job  was  to  create  good  will,  inspect  the  work 
of  unit  antimalaria  details,  furnish  equipment  and  supplies  in  emergency, 
and  collect  essential  supplies  for  his  own  unit. 

All  ships  were  boarded  on  arrival  by  assistant  malariologists,  ami  com¬ 
manding  officers  of  units  were  contacted  about  Atabrine  discipline,  clothing, 
mosquito  nets,  and  all  other  antimalaria  supplies. 

A  popular  measure  for  pro1; wring  oiling  work  by  unit  antimalaria  details 
was  the  practice  of  running  a  repair  shop  for  knapsack  sprayers  by  malaria 
control  units. 

COMBAT  EXPERIENCES  AND  LESSONS 

Malaria  control  programs  varied  with  local  conditions  but  always  in¬ 
cluded  (1)  measures  directed  against  the  breeding  of  mosquitoes  and  (2)  the 
enforcement  of  individual  discipline  with  reference  to  the  use  of  Atabrine 
and  to  exposure  to  mosquitoes.  As  garrison  condition*  became  stabilised,  more 
attention  was  given  to  the  adjacent  native  populations  which  wen  often  heavy 
reservoirs  of  infection. 

The  disastrous  effects  of  malaria  on  the  effectiveness  of  combat  divisions 
can  be  illustrated  by  citing  the  experiences  of  several  divisions  during  the 
campaign  to  prevent  the  Japanese  from  reaching  the  Australian  mainland.  It 
was  essential  that  crucial  areas  in  New  Guinea  should  remain  in  Allied  pos¬ 
session.  The  strength  of  the  forces  available  was  limited  and  the  loss  of 
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combnt  troops  due  to  malaria  could  not  well  lie  afforded,  but  no  organization 
existed  at  that  time  which  could  lie  effective  in  control  under  existing 
conditions. 

Four  divisions — the  1st  and  2d  Marine  Divisions  and  the  1J.S.  Army  32d 
and  Americal  Divisions — were  rendered  noneffective  by  malaria  for  a  period 
of  4  to  <i  months  after  withdrawal  from  the  combat  area.  The  41st  Division, 
which  had  engaged  in  76  days  of  continuous  combat  around  Siiunnanda  Point, 
DolHHlurn,  and  Ituna,  re]»orted  8,824  persons,  or  27.7  ]>ereent  of  the  command, 
as  having  one  or  more  attacks  of  maluria.  The  XIV  Corps  lost  the  equivalent 
of  an  entire  infantry  battalion  each  month  from  malaria,  and  between  October 
1942  mul  April  1949.  90  percent  of  all  hospital  admissions  in  the  South  Pacific 
Area  were  due  to  malaria. 

During  the  year  1949,  the  Southwest  Pacific  reported  47,663  cases  of  ma¬ 
laria  and  13,290  admissions  for  fever  of  undetermined  origin.  In  a  group 
of  enses  studied,  the  average  hospitalization  for  a  case  of  malaria  was  15.24 
days;  10  pc;  ent  of  the  cases  returned  to  duty  in  7  days;  25  percent,  in  10 
days ;  and  50  percent,  in  13  days. 

In  the  10-month  ]>eriod  subsequent  to  its  withdrawal  from  New  Guinea, 
67  percent  of  the  32d  Division  manifested  clinical  symptoms  of  malaria.  Over 
80  percent  of  the  1st  Marine  Division  was  hospitalized  for  malnria  within  9 
months  of  tlie  beginning  of  tlie  Guadalcanal  Cani|Ni)gn. 

To  illustrate  the  saving  in  hospital  beds  due  to  effective  malaria  control, 
it  lias  been  computed  that,  if  the  malaria  (plus  75  percent  of  the  fevers  of 
undetermined  origin)  rate  had  been  as  great  in  February  1944  as  in  February 
1943,  10,955  hospital  beds  would  have  been  required  for  such  cases.  Instead, 
at  the  later  date,  only  1,324  beds  were  actually  occupied,  representing  a  saving 
of  9,631  beds  due  to  effective  malaria  control  measures. 

The  two  primary  factors  that  were  responsible  for  the  lowered  malaria 
rates  after  February  1943  were  ( 1 )  the  assignment  of  adequate  priorities  for 
movement  of  antimalaria  supplies  and  personnel  from  the  United  States  and 
within  the  theater,  and  (2)  an  efficient  antimalaria  organisation  which  resulted 
in  better  malaria  discipline,  increasingly  successful  administration  of  suppres¬ 
sive  Atabrine,  and  mom  effective  antimosquito  work  of  all  kinds. 

The  uae  of  drugs  to  suppress  attacks  of  clinical  malaria  was  absolutely 
neeetsary  in  operational  anas  when  malaria  threatened,  but  since  its  action 
was  ro  prevent  dinical  symptoms  of  the  disease  without  preventing  the  in¬ 
fection,  the  Army  could  not  know  the  extent  to  which  malaria  was  being  trans¬ 
mitted  in  theaters  of  operations.  That  t  re  men  union  continued  was  certain  and 
that  it  would  greatly  increase  where  antimosquito  work  was  relaxed  was  even 
more  certain. 

Atabrine  in  daily  doses  of  0.1  gm.  prevented  the  appearance  of  clinical 
symptoms  of  malaria  as  long  as  the  drug  was  continued.  No  eridence,  how¬ 
ever,  was  obtained  that  Atabrine  in  suppressive  doses  even  for  long  periods 
cured  wwr*  malaria.  It  was  found  that,  after  the  drug  was  stopped,  relapses 
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usually  occurred  within  1  or  2  numtlis,  but  sometimes  iiiucli  Inter.  Then*  wits 
no  evidence  that  the  number  of  relapses  eX|H>cted  after  u  long  |>eriod  of  sup¬ 
pression  differed  materially  from  the  number  expected  without  suppression. 
Infections  of  falciparum  nmhiriu,  on  tlie  other  hand,  were  usually  cured  by  the 
suppressive  drug  when  it  was  continued  for  4  weeks  lieyond  the  last  ex|Ktsiire. 
Suppressive  At  abrine  was  the  rule  in  the  Southwest  Pacific  except  for  Australia. 

It  was  necessary  that  drug  suppression  of  lunlarin  continue  to  lie  used  to 
reduce  noiieffectiveiiexs  in  certuiu  military  situations,  but  it  was  realised  by 
all  concerned  that  infection  with  r  irate  malaria  was  not  prevented  thereby  and 
that  there  was  no  substitute  for  cont ml  of  actual  transmission.  This  entailed 
full  use  of  malariolngistx  and  malaria  control  and  survey  units  to  ileteniiine 
the  risk  and  to  plan  and  execute  programs  of  prevention.  Mosquito  control 
was  effective  in  proportion  to  the  skill  and  the  energy  with  which  it  was  planned 
and  applied.  Improved  repellents,  insecticides,  and  suppressive  drugs  were 
available  in  the  field.  Vigilance  in  the  supervision  of  tlie  individual  protective 
measures  of  proper  clothing,  use  of  bed  nets  and  sprays,  a]>pli<-ation  of  re¬ 
pellents,  and  avoidance  of  native  habitations  kept  down  tlie  attack  rate  in 
malarious  areas. 

In  the  31  July  1945  issue  of  Health ,  page  11,  it  was  stated : 

Malaria  remains  a  ran  slant  ibreat  to  ibe  HTn-tlvr  sirmxth  nf  the  Army.  While 
its*  current  low  tuliiilssion  rales  prove  I  hat  malaria  Is  is>  longer  out  of  <  uni  rot.  which  was 
the  case  In  1111.1,  they  cannot  be  used  as  evidence  that  l  he  iiroMem  baa  been  entirety  solved. 
Low  rates  will  cnaUnne  only  so  Iona  as  effective  at  abrine  discipline  and  naosqalio  control 
measures  are  rigidly  enforced.  The  invasion  of  Lnann  has  again  demonstrsteil  that  ad¬ 
vance  Into  malarious  areas  may  be  expeeted  lo  Increase  admission  rales  nmUmHf. 
Ia  January  1MB,  the  rate  for  the  Southwest  Pact  hr  stood  at  only  27  per  1.000  aaea  per 
year.  Imt  by  April  it  had  reached  75 ;  and  for  troops  la  the  Philippines  the  rates  arete  area 
higher,  although  bat  a  tfth  of  those  prevailing  at  the  end  of  the  Bnaa-Oona  ramyalgn 
However,  hers  use  of  the  success  which  can  be  achieved  with  rite  wows  atahrtne  d  lari  pi  law 
even  coatlannasly  low  malaria  admlaahm  rates  do  ant  rale  owl  further  malaria  traaa- 
misshia  na  a  large  scale.  Usder  combat  coast  it  lows,  as  oa  Laaua.  aay  lapse  la  at  abrine 
senses* k«  may  cost  heavily  In  cilalcal  aaalarta. 

A  good  description  of  operational  lemons  that  can  ha  learned  fm 
a  military  campaign  insofar  as  disease  prevention  is  concerned  was  stated  ia 
dm  10  November  1948  lame  of  Health.  Id  amkria  control,  it  was  emphasised, 
the  combat  division  needs  experienced  malaria  survey  and  control  anito  to 
follow  it  immediately  into  combat  if  the  incidence  of  malaria  ie  to  faa  MM 
to  a  minimum  aad  the  fighting  man  to  be  kept  on  hie  feet.  It  wae  further 
pointed  out  that  malaria  incapacitated ;  it  put  out  of  action  whole  divisions  for 
many  months.  Contrasted  with  this  picture  wae  the  fact  that  malaria  could  ha 
prevented  and  suppressed.  The  great  lemon  learned  was  that  the  most  elective 
control  of  malaria  was  the  prevention  of  infection.  Although  group  methods 
of  environmental  sanitation  and  control  were  highly  effective,  under  combat 
conditions  it  was  largely  what  the  individual  soldier  did  for  his  own  protection 
that  counted  mast  heavily  in  keeping  down  malaria  infection.  Unless  the 
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soldier  knew  how  to  protect  himself  with  tlie  lnenns  provides],  he  could  he 
expected  to  contract  malaria  in  a  short  time  in  a  highly  nmlarions  area.  For 
these  reasons,  malaria  control  was  determined  to  be  primarily  n  command 
function,  necessitating  the  maintenance  of  a  high  state  of  malaria  discipline. 
If  the  commanders  did  not  enforce  control  measures,  they  jeopardized  the 
success  of  their  military  mission. 

CASE  STUDY  OF  MALARIA  INCIDENCE 

The  malaria  experience  on  Kiriwina  Island  is  typical  for  the  islands  off 
New  Guinea  during  1943.  A  study  of  causes  was  made,  in  which  moot  cases 
of  malaria  among  U.S.  troops  were  interviewed  by  an  officer  in  onler  to  deter* 
mine  the  reason  for  their  having  become  ill  with  malaria.  Other  enlisted  men 
of  their  organization  were  then  interviewed  to  substantiate  histories.  In  a 
number  of  instances,  defects  in  malaria  discipline,  especially  Atabrine  sup¬ 
pression,  may  have  been  the  cause.  It  was  found  that,  in  some  instances,  officers 
did  not  supervise  the  suppressive  treatment;  it  was  left  to  the  enlisted  man 
to  decide  if  he  should  take  the  Atabrine  as  lie  passed  through  tlie  mess  line. 
It  was  also  found  that  most  malaria  cases  among  tlie  mess  |iersonnel  prob¬ 
ably  resulted  from  lack  of  supervision  ami  that  men  on  outpost  duty  were 
occasionally  not  well  supervised.  Repellent  often  was  not  used  by  the  men, 
usually  they  did  not  have  it  readily  available.  It  was  believed  that  much  of 
such  failure  in  malaria  discipline  could  be  eliminated  if  an  alphabetical  roster 
were  kept  in  each  organization  to  determine  whether  each  enlisted  man  had 
actually  swallowed  his  Atabrine  tablet  and  whether  he  carried  a  bottle  of 
repellent  with  him  at  evening  mces." 

CASE  REPORTING 

Aa  the  incidence  of  malaria  reached  high  proportions  in  the  early  put 
of  INS,  consideration  was  given  to  securing  adequate  and  timely  reporting  of 
its  incidence.  None  of  the  Medical  Department  reports  then  in  use  gave 
complete  coverage  of  all  the  facts  considered  necessary.  The  statistical  report 
gave  only  a  crude  attack  rate,  with  no  differentiation  between  primary  and 
rsemnent  attacks,  and  with  no  das  as  to  the  prerakat  types  of  infecting  para- 
shaa.  The  field  neediest  records  (WD  MD  Forms  Mb  and  59c),  which  paaaad 
through  the  Central  Medical  Records  Offke,  had  an  average  time  lag  approach- 
ing  I  weeks  between  the  dates  of  an  attack  and  of  information  reaching  tbs 
Chief  Surgeon.  These  records  did  not  always  include  statements  on  the  typo 
of  infection  or  the  status  of  attacks. 

A  malaria  case  report  card  was  designed  by  the  theater  Chief  Medical 
Iropector  in  the  early  part  of  1943.  This  card  was  approved  by  the  theater 
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Chief  Surgeon  »nd  the  Combined  Advisory  Committee  on  Tropical  Diseases, 
the  latter  adopting  the  card  as  the  standard  method  of  reporting  malaria  for 
all  Allied  troops  in  this  theater.  The  initiating  directive  together  with  a 
supply  of  the  cards  was  distributed  to  field  units  in  May  and  June  1943.  The 
first  reports  using  tliese  cards  were  received  from  the  field  the  latter  part  of 
June  1943.  The  units  in  New  Guinea  and  adjacent  islands  forwarded  the 
cards  to  the  Central  Medical  Records  Office,  Office  of  the  Chief  Surgeon,  AIN) 
501,  through  the  office  of  the  assistant  inalariologist,  Base  R,  APO  503. 
Malaria  case  report  cards  from  units  in  Australia  were  sent  direct  to  the 
Central  Medical  Records  Office. 

Before  15  June  1943,  the  Central  Medical  Records  Office  maintained  a 
locator  file  for  patients  of  hospitals,  based  upon  the  admission  and  disposition 
slieets.  The  field  medical  records  were  cliecked,  pertinent  information  was 
transcribed  from  the  locator  file  cards,  and  placing  the  cards  from  “active”  to 
the  “inactive”  section  of  tlie  locator  file  waB  carried  out  as  necessary.  Con¬ 
sequently,  there  existed  in  this  office  a  fairly  reliable  basis  for  the  compilation 
of  malaria  statistics,  at  least  with  respect  to  unit  incidence  rates  and  tlie  number 
of  attacks  suffered  by  given  individuals.  The  locator  file  was  disrnntinued  in 
the  Central  Medical  Records  Office  and  a  file  of  extracts  in  the  field  medical 
records  was  instituted  for  malaria  cases  only. 

In  order  to  compile  tlie  individual  records,  a  malaria  case  summary  card 
record  waa  designed  and  adopted  as  a  means  of  condensing  the  information. 
Thia  condensation  of  records  was  instituted  in  November,  and  soon  after,  case 
summary  cards  were  completed  on  approximately  75  percent  of  the  caws  in  the 
file.  Summary  cards  were  posted  as  the  malaria  case  report  cards  were  received. 
These  pastings  were  later  checked  or  revised  as  necessary  when  the  field  med¬ 
ical  records  were  processed. 

Comparison  of  field  medical  records  processed  in  this  office  with  the 
malaria  case  summary  film  indicated  that  approximately  30  percent  of  the 
diagnosed  malaria  waa  not  reported  by  the  malaria  report  card.  This  wss 
due  in  same  degree  to  the  fact  that  hospitals  and  medical  detachments  arriving 
in  the  theater  were  not  familiar  with  tha  form,  to  the  problem  of  distributing 
cards  m>  that  they  would  be  available  to  all  units  at  all  times,  and  to  the  re¬ 
luctance  of  some  medical  officers  to  do  additional  paperwork. 

REDUCTION  IN  HOSPITALIZATION 

It  was  fait  that  the  redaction  in  tha  hospitalisation  time  of  malaria  cases 
was  particularly  significant.  An  analysis  of  tha  factors  involved  dewed  that 
the  treatment  of  malaria  is  SWPA  may  be  divided  into  certain  definite  periods. 
During  the  lint  period,  which  ran  from  November  IMS,  when  malaria  cases 
in  significant  numbers  were  first  admitted  to  hospitals,  until  April  1943,  the 
treatment  generally  followed  was  that  recoaomended  in  Circular  Letter  No. 
135,  Office  of  The  Surgeon  General,  21  October  1942.  This  coarse  of  treatment 
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(QAl’:  quinine- Atnhrine-Plasmocli  in)  lasted  for  15  to  17  days  and  was  not 
followed  by  n  ]*'ri«sl  of  followup  or  suppressive  trentinent.  The  ineffect iveness 
of  this  treat nieiit  led  to  a  certain  niunler  of  intereurreut  recrudescences  of  fever 
usually  during  the  period  of  Atnbrine  administration.  In  these  cases,  the  total 
time  of  treatment  was  lengthened. 

More  important  was  the  fact  tlmt,  its  n  consequence  of  stopping  all  drugs 
after  the  active  course  was  completed,  early  rehi|>ses  occurred  within  the  first 
month  in  at  least  one-half  of  the  cases.  Many  of  these  relapses  ap|ieareil  while 
the  patient  was  still  in  the  hospital  and  led  to  u  ie|ietitiiin  or  the  initial  course 
of  treatment.  The  patients,  during  this  period,  were  chiefly  from  the  32d 
Division,  fighting  in  the  Hnna-Cioim  ('ain)mign,  and  from  tin*  1st  Marine  Divi¬ 
sion  brought  to  Australia  after  the  battles  of  (tiiudulrnnal.  Malnutrition  had 
greatly  weakened  these  men.  ami  tlieir  stay  in  the  hospital  was  often  lengthened 
for  the  piir|tnse  of  building  up  tlieir  weight  mid  strength.  Furthermore,  the 
proportion  of  battle  casualties  among  the  malarious  patients  was  higher  at  this 
period  than  in  the  later  inoutlis  of  1045.  and  longer  hospitalisation  was  fre¬ 
quently  necessary  liecause  of  wounds.  Ill  eertnin  hospitals,  necessary  investiga¬ 
tions  of  convalescents  after  malaria  led  to  retent  ion  of  patients  for  observation. 

Circular  Xo.  15,  USAFFE,  12  April  1043,  “Treatment  of  Malaria,*’  pre¬ 
scribed  a  change  in  routine  treatment  and  initiated  tlie  second  jieriod.  The 
2-day  rest  period  withotit  drugs  which  was  a  feature  of  tlie  previous  QAl* 
treatment  was  eliminated,  thus  reducing  hospitalisation  by  2  days.  Further¬ 
more,  the  new  regimen  included  a  0-week  period  following  active  treatment  in 
which  0.1  gin.  Atabrine  was  given  on  ti  days  of  each  week.  This  followup  treat¬ 
ment  practically  stopped  the  occurrence  of  relapses  in  hospitals  and  greatly 
shortened  the  average  hospital  stay.  In  this  period,  Iwttle  casualties  were  few 
and  tlie  nutrition  of  troops  improved.  There  was  therefore  less  came  to  pro¬ 
long  tlie  ltnspital  stay  of  malaria  cases  because  of  wounds  or  (diysical  weakness 
of  the  patient. 

An  amendment  to  Circular  Xo.  15  initiated  tlie  third  stage.”  Ii  clumged 
the  treatment  of  the  malaria  attack  to  the  intensive  Atabrine  treatment  of 
8  days’  duration,  thereby’  reducing  hospital  stays  for  active  treatment  from  an 
average  of  13  to  6  days.  Control  experience  in  Imepitals.  in  the  Sixth  1’X 
Army  Training  (’enter,  and  in  Rehl  anita  had  shown  by  this  time  that  luief 
hospitalization  after  snhsidence  of  fever  caused  by  malaria  was  all  that  was 
required.  In  fact,  weight  increase,  strength,  and  morale  were  aided  liy  early 
removal  from  the  hospital  atmosphere.  In  particular,  the  fact  that  repeated 
prolonged  hospitalisation  for  recurrent  malarial  attacks  tended  to  induce 
neurosis  in  the  affected  soldier  was  taken  into  consideration. 

Between  January  and  Jnly  1044,  the  proportion  of  malaria  cases  which 
were  also  battle  casualties  had  again  increased.  This  tended  to  lengthen  tlie 
hospital  stay.  In  summary,  therefore,  the  chief  factors  in  reducing  the  length 
of  hospital  stay  for  malaria  attacks  were  as  follows:  (1)  The  successive  sliort- 
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ening  of  prescribed  routine  treatment,  (2)  the  followup  with  suppressive  Ata- 
brine  treatment,  mid  (3)  the  growing  realization  that  the  average  imilaria 
attack,  pro|>erly  treated,  produces  comparatively  slight  aftereffect*  on  the 
patient.” 

JAPANESE  MALARIA  EXPERIENCE 

A  Japanese  Medical  Department  rejrort  capture*)  at  Minuln,  on  New 
Georgia,  makes  possible  interesting  coni|Ntrisons  lietweeu  Ja|wnese  troops  in 
the  Eighth  U.S.  Army  area  and  American  troo|>s  on  New  Guinea.  The  rv|xirt 
gives  detailed  data  for  February  1043  nml  a  siiniumry  for  Deeemlier  1042  ami 
January  1043.” 

At  tlie  time  the  report  was  pre|Mred,  Japanese  troo|m  had  lieen  in  the 
Babaul  area  for  at  least  8  nioutlts.  and  their  estimated  average  strength  was 
51,382  in  December  and  70.801  in  February.  Tire  strengths  are  ue8tiiimtcd'’ 
in  the  sense  that  the  translation  mentions  tlie  tinmlier  of  upersnnnel  examined." 
It  is  assumed  that  this  number  is  tlie  strength  of  tlie  force  from  which  tlie  ad¬ 
missions  were  drawn.  Tlie  area  was  served  by  two  Imse  hospitals  having,  with 
their  annexes,  a  combined  ca|aicity  in  excess  of  4,000  lieds.  Altogetlier,  inrlud- 
ing  an  unspecified  numlier  of  field  Iswpitals,  tliere  were  at  least  8,800  lasts,  or 
about  11  percent  of  tlie  troop  strength,  during  February.  During  tlie  3-inoutli 
period,  the  liealtli  of  tlie  Japanese  troops  was  considerably  leas  favorable  than 
was  tliat  of  the  U.S.  forces  on  New  Guinea.  For  all  causes,  including  Imttle 
casualties,  tlie  average  admission  rate  for  tlie  entire  period  was  4,08(1  jier  1.000 
men  ]»er  annum  for  tlie  Ja|iaiieMe  troops,  ap|iftixiiiiately  twice  tliat  exiiera-m-ed 
hy  the  American  units. 

Malaria  was  the  greatest  single  cause  of  admission  awl  nonelfeilivenesn 
among  Japanese  troops  during  this  |ieriod,  causing  17,112  new  admissions  and 
5,415  readmissions.  This  number  of  cases  represents  37  percent  of  tlie  mean 
strength  and  35  percent  of  all  admissions  for  the  3  montlis.  During  the  same 
period,  diagnosed  malaria  accounted  for  34  percent  of  all  admissions  among 
IT-8,  troops  on  New  Guinea.  The  average  admission  rate  for  malaria  was  1.440 
per  ljOOOmrn  per  annum  for  the  Japanese  and  718  for  UA  troops,  if  only  diag¬ 
nosed  malaria  he  counted.  The  average  noneffective  rate  for  malaria  among 
the  Japanese  troops  was  roughly  40  per  1 JOOO  men  per  day. 

Chart  an  compares  Japanese  and  American  admission  rates  for  several 
diagnoses  daring  Fehmary  IMS.  The  Japanese  rate  for  malaria  has  been 
separated  into  two  parts,  representing  new  patients  and  old  patients,  while  the 
rate  for  UA  forces  on  New  Guinea  shows  the  incidence  of  diagnoses!  malaria 
together  with  an  increment  representing  thrvr-qwaiiers  of  the  admissions  for 
fever  of  undetermined  origin.  The  comparison  of  the  malaria  admission  rates 
depends  to  some  extent  upon  the  completeness  of  diagnosis.  It  was  customary 

m  KiiiitM  Twtalttl  MHkal  Data.  iMlhtml  Partie  Ana.  far  Jalj  1*44.  4atH  9  Aiff.  1*44, 
P*.  9-9. 

*  Maalhlx  Pncna  ftepavt,  Armj  terrier  Parer*,  War  Difartanit,  9*  Xnr.  1*43,  irctlra  7: 
Health,  pp.  17-13. 
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■t  IJJS.  headquarters  in  SWPA  to  uMunr  that  about  three-quarters  of  the  ad- 
■wioM  for  fever  of  undetermined  origin  were  probably  malaria.  The 
Jape  twee  report  Baade  no  mention  of  fever  of  undetermined  origin,  and  the 
ooaapleteeieas  with  which  malaria  was  diagnosed  by  Japanese  medical  dfcen 
wan  not  known.  The  Japanese  rate,  however,  must  be  taken  aa  a  minimum  if 
it  ia  to  be  compared  to  the  rrtiamtrd  total  malaria  rate  for  U.S.  troops.  The 
aaocbraiely  high  incidence  of  beriberi  among  the  Japaneoe  was  of  internet  inas- 
aaaeh  aa  etatementa  of  prisoners  of  war  and  captured  enemy  equipment  and 
■applies  all  indicate  that  the  Japanese  were  very  “vitamin  consciooa.” 

Daring  February,  3,776  Japanese  troops  were  treated  for  enteric  diseases, 
representing  a  rate  of  616  per  1,000  men  per  year.  On  22  March,  there  were 
37  Japanese  hospitalised  for  typhoid  fever,  146  for  paratyphoid,  and  140  for 
dysentery.  The  number  of  canes  reported  was  of  interest  in  view  of  the  fact 
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that  .Iii|mnese  were  known  to  be  conducting  mi  immunization  program  iigninst 
tliese  three  diseases. 

At  the  end  of  February  ISMS,  there  were  72,91(1  Japauese  troo|ts  in  the 
Rnbanl  area,  20  percent  of  wlioni  were  receiving  medical  care. 

OTHER  ACTIVITIES  OF  THE  MALARIA  CONTROL 
ORGANIZATION 

In  addition  to  combating  malaria,  the  Army  Malaria  Control  Organiza¬ 
tion  was  employed  on  a  number  of  oilier  preventive  medicine  problems.  The 
sanitary  engineering,  entomological,  medical,  and  oilier  trained  personnel 
engaged  in  malaria  control  had  skills  which  qualified  them  for  many  other 
duties. 

Scrub  Typhus  Control 

For  instance,  malaria  units  assisted  in  controlling  scrub  typhus,  which  was 
a  serious  problem  in  the  early  days  in  New  Guinea.  It  was  found  that  dimethyl 
phthalate  readily  killed  the  mite  transmitting  this  disease.  Earlier,  various 
methods  had  been  used  to  safeguard  campsites,  such  as  burning  tlie  kuuai  grass 
ami  stripping  tlie  sod  from  the  ana  by  liulkkner  and  other  heavy  equipment. 
Experimental  work  by  entomologists  indicated  that  dipping  clothing  in 
dimethyl  phthalate  killed  the  mites  before  they  could  bite.  From  this  work, 
methods  were  developed  which  provided  a  high  degree  of  protection  against 
this  disease.11 

Filariasis  Control 

Filariasis  was  a  disease  of  importance  in  some  areas  of  SWPA.  Existing 
malaria  survey  units  wen  used  on  occasion,  in  coordination  with  sanitary 
engineering  personnel,  for  the  control  of  this  disease.  Experience  indicated 
the  desirability  of  establishing  special  units  to  combat  this  disease." 

Rodent  Control 

A  school  for  rodent  and  flea  control  was  proposed  as  a  means  of  expanding 
the  preventive  medicine  duties  of  malaria  sorvey  and  malaria  control  units. 

With  the  approval  of  the  Chief  Surgeon,  USA  SOS,  the  first  class  of  the 
Rodent  Control  School  was  started  on  12  March  1942.  The  period  of  instruction 
was  fur  8  unfa.  The  personnel  attending  the  first  dam  wen  the  office  n  and 
enKated  men  of  the  Md  Malaria  Control  Unit  and  the  filth  Malaria  Surrey 
Unit.  Subsequent  classes  were  conducted  each  3  weeks,  beginning  on  2  April 
IMS. 
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Although  written  lute  in  1645  when  no  longer  in  SWI* **A,  the  re|iort  of  the 
6th  Malaria  Survey  Iletnchment  is  interesting  lxvnuse  it  illustrates  the  rodent 
control  activities  carried  on  by  these  units. 

Upon  arrival  in  Jai»ui,  personnel  of  the.  6th  Mnhirin  Survey  Detncinnent 
were  engaged  in  conducting  rodent  and  flea  surveys  of  Kyoto  mid  vicinity.  The 
primary  purpose  of  such  surveys  whs  to  determine  the  following: 

1.  Density  of  rut  population. 

2.  Species  of  rats  present. 

6.  Density  of  fleas. 

4.  Species  of  fleas. 

5.  Presence  of  other  houseliold  | tests. 

In  tlie  initial  stages  of  tlie  survey,  many  Japanese  buildings,  such  ns  Jap¬ 
anese  Army  barracks,  were  examined  tltomuglily  for  evidence  of  rats,  fleas,  and 
otlier  household  pests.  In  many  instances,  tliese  installations  were  inx|iected 
before  being  occupied  by  I’.S.  Army  troops.  However,  n  small  numher  of  units 
liad  tlie  unfortunate  experience  of  occupying  Japnnese  Army  barracks  liefore 
tliey  were  ius|iected.  Hera  use  of  this,  many  soldiers  suffered  considerably  from 
the  bites  of  fleas  and  liedlmgs.  On  a  numher  of  these  ins)ieetioig,  the  survey 
party  was  accompanied  by  a  member  of  the  10th  Malaria  Control  Detachment, 
so  that  a  more  thorough  spraying  job  was  accomplished.  Nearly  all  of  the 
infested  installations  were  sprayed  with  DDT  before  occupation  by  Army 
troops. 

Dengue  Fever 

Malariologists,  malaria  survey  and  malaria  control  units  were  concerned 
with  tlie  control  of  dengue  fever  as  well  us  scrub  typhus  and  lilariasis  control. 
Their  primary  concern  was  eradication  of  breeding  areas  of  the  vectors 
concerned." 

Sandfly  Fever  Control 

In  its  quarterly  report,  1  July  to  90  September  1944,  the  5th  Malaria 
Survey  reported  that  the  sandfly  Pklebotemm*  was  common  in  New  Guinea. 
Members  of  the  m.it  visited  practically  every  bam  in  New  Guinea,  save  one, 
and  eome  of  the  i.rwrby  islands.  Sandflies  were  taken  at  each  bam.  PUebot- 
taw  were  collected  in  ;w»  holes  and  on  the  shaded  sides  of  tree  trunks  and 
buttresses.  Tbs  method  of  collection  was  to  spread  a  white  sheet  at  the  bottom 
of  a  tree  hole,  or  on  the  ground  around  the  tree  trunk,  or  between  the  butt  reams 
and  then  spray  these  areas  thoroughly  with  an  Aerosol  Freon  dispenser.  Speci¬ 
mens  of  these  midges  were  sorted  from  the  collection  of  all  small  insects  that 
fell  on  the  sheet." 


*  III  Sun  Hal  Trrfcalcal  IWW1  I  lata.  SMSIvnl  IVrWf  Am.  for  Uijr  1X44.  HalrU  1  JiB»  IM4. 
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Related  Activities 

The  5th  Malaria  Survey  Unit  arrived  in  the  urea.  I-eyte  Island.  Philippines, 
on  “A"  Day,  20  October  1044.  Attached  to  the  24th  Infantry  Division,  the 
orpin  izat  ion  was  engaged  in  stihitniion  work  in  t  lie  town  of  Pa  loon  I  Noveinlier 
1944. 

No  Malaria  control  work  was  done  during  the  month.  Tlie  unit's  trucks 
and  drivers  were  utilized  by  the  24th  Infantry  Division  to  haul  supplies  and 
personnel.  The  quartermaster  attached  one  weapons  carrier  and  driver  to 
the  101st  Graves  Registration  at  ('arigara  from  1  Noveinlier  through  14 
November. 

While  bivonnced  on  the  beach,  two  of  the  unit’s  trucks  and  drivers  were 
furnished  to  haul  ammunition  and  supplies  to  the  frontlines.  A  weapons 
carrier  with  driver  and  30  shovels  was  furnished  to  a  division  lmrial  detail 
from  28  Oct olier  to  tlie  close  of  tlie  moiitli.  Tlie  unit  |iersonnel  siqiervised  14 
Filipino  la'-otvrs  in  digging  tnirines  and  otlier  sanitation  work  for  tlie  civilian 
population  in  tlie  overcrowded  town  of  Palo  from  27  Octolier  to  tlie  close  of 
tlie  iiMHitli.  Official  war  plmtograpliers  took  sonic  imivies  and  stills  of  this 
work.  Tlie  thnii|i  track  autl  driver  were  famished  to  tlie  tlfitli  Kvacnatiiai  Hos¬ 
pital  on  30  and  31  Octolier  for  liauling  gravel.  No  malaria  control  work 
was  done. 

In  the  Philippines,  the  malaria  survey  and  malaria  rontrol  units  expanded 
their  activities  into  a  variety  of  public  health  activities,  such  as  the  survey 
eoittnil  ami  education  on  schistosomiasis  for  Army  itersoonel  ami  civilian  po|iu- 
lations.  They  also  became  involved  in  restoring  and  operating  municipal  water 
supplies  and  sewage  disposal  plants,  garbage  collection  and  disposal,  latrine 
building  for  large  segments  of  the  civilian  population,  sanitary  inspection  of 
restaurants,  hotels,  abattoirs,  bakeries,  and  fond  processing  plants,  to  mention 
hat  a  few  of  the  manifold  duties.  Later  on,  some  of  tlie  Sanitary  Corps  officers 
who  commanded  them  units  were  chosen  for  military  government  work  and 
continued  them  important  functions  in  the  Philippines,  Japan,  and  Korea  after 
termination  of  hostilities  in  World  War  IL 

SURVEY  AND  CONTROL  UNITS 

A*  of  S3  September  1944,  there  were  58  malaria  control  and  2*  malaria 
survey  units  assigned  to  USAFFE.  Of  these,  21  control  and  IS  surrey  units 
were  with  the  Sixth  U.S.  Army,  from  Oro  Ray  to  Biak.  There  were  10  control 
and  4  survey  units  with  the  Fifth  Air  Force;  5  control  and  3  survey  units  with 
the  Thirteenth  Air  Force;  and  22  control  and  8  survey  units  with  USASOS. 
In  addition,  then  were  7  control  and  6  survey  units  located  in  the  Southwest 
Pacific  which  had  been  assigned  to  but  had  not  yet  arrived  in  SWPA.  Total 
in  the  theater  and  assigned  to  it  were  85  control  and  32  survey  units,  on  25 
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September  1944.  In  ooiiiimi rtwoii.  on  25  September  1945.  there  were  12  control 
and  5  survey  units  in  S1YPA. 

Several  malaria  control  units  tlnit  had  difficulty  in  obtaining  the  equip¬ 
ment  for  lieginuing  tlieir  work  lit  (Mice  emphasized  the  importance  of  the  units’ 
being  shipped  and  moved  with  all  their  equipment.  Several  units  felt  that 
a  combination  of  a  control  and  n  survey  unit  would  lie  desirable,  with  equip¬ 
ment  including  trucks,  jeeps,  spray  outfits,  electric  generator  units,  tents  and 
necessary  office  supplies  and  equipment.  Prompt  initiation  of  rontrol  measures 
after  establishment  of  a  beachhead  wits  emphasize*!  many  times.  It  was  also 
suggested  that  the  attachment  of  enlisted  personnel  to  the  combined  control 
survey  unit  would  permit  more  effective  and  exjieditions  work.  The  attach¬ 
ment  of  units  to  commands  so  that  they  would  be  a  definite  part,  thereof  was 
generally  favored.  It  was  felt  that  this  would  result  in  more  adequate  facilities 
for  doing  necessary  work. 


FINAL  RESULTS 

As  a  result  of  the  control  program  in  the  Southwest  Pacific,  military  op¬ 
erations  after  the  middle  of  1943  were  not  seriously  handicapped  liv  malaria 
The  campaign  in  this  area  was  the  first  one  in  which  so  many  IT.S.  Army  troops 
had  fought,  under  such  highly  malarious  conditions.  Tin-  lack  of  ezjierience 
in  controlling  malaria  under  combat  conditions,  the  absence  of  any  organiza¬ 
tion  suitable  for  control,  and  the  mental  unreadiness  of  both  combat  and 
medical  officers  represented  very  serious  problems  which  had  to  be,  ami  were, 
overcome. 

Numerous  examples  have  been  cited  throughout  this  history  which  show 
the  results  obtained  in  reducing  the  incidence  of  malaria.  A  few  examples 
will  he  repeated  here.  In  January  1943,  U-S.  troops  in  the  Milne  Bay  area 
had  a  malaria  attack  rate  of  3^06  per  1,000  men  per  annum.  In  January  1914. 
the  rate  was  30.7.  In  February  1913,  the  malaria  attack  rate  in  the  command 
strength  of  SWPA  (including  75  percent  of  fever  of  undetermined  origin) 
waa  794  per  1,000  dm  per  annum ;  in  February  1944,  it  was  179.  This  redac¬ 
tion  in  malaria  rate  represented  a  saving  of  more  than  DJOO  hospital  beds. 

The  primary  lemons  learned  were  that  e  feet  ire  control  mast  he  hosed  on 
(1)  utilisation  of  all  methods,  including  larva  and  adult  control,  the  am  of 
suppressive  medication,  troop  edecatkm  and  discipline,  and  the  employment 
of  a  special  control  organization  utilizing  engineering,  medical,  entomological, 
and  other  skills;  (2)  area-based  control,  not  control  on  a  unit  or  force  basis; 
and  (3)  unified  authority  and  control,  to  insure  that  all  necessary  phases  of 
the  program  are  carried  on  in  all  arees  that  threaten  troops. 

The  malaria  attack  rates  among  I'Jt.  Army  personnel,  in  the  Southwest 
Pacific  Area,  by  type  of  Plasmodium  and  year  of  admissions  are  shown  in  table 
79.  Table  80  shows  deaths  due  to  malaria  by  type  of  Plasmodium  and  year 
of  death. 
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APPENDIX  A 


Standard  Operating  Procedure  for  Control  of  Malaria  and 
Other  Insect-Borne  Diseases  During  a  Combat  Operation 


Thin  Standard  Operating  l*rooedure  la  merely  a  sample  plan  adapted  to  and  used  dur- 
iug  one  operation.  All  auch  plans  should  be  flexible.  One  division  malaria  coin  ml  group 
had  4  general  plans  calling  lor  various  degrees  of  decentralization,  the  exact  plan  and  de- 
talls  used  to  be  determined  by  the  particular  situation. 

1.  STATEMENT  OF  PROBLEM 

The  target  for  the  operation  ia  an  area  where  a  flea,  louse,  and  iwraslte  Infested  native 
population  of  several  hundred  persona  per  square  mile  is  a  seed-bed  of  disease.  Fly-borne 
and  water-borne  Intestinal  diseases  are  likely  to  be  the  most  Immediate  disease  hazards. 
Native  food  Is  contaminated  by  the  use  of  human  feces  for  fertilizer  and  should  not  be 
eaten.  Dengue  fever,  malaria  and  mlte-bome  typhus  are  itotrnlial  dangers.  Schistoso¬ 
miasis  (blood  fluke  disease)  adds  to  the  risk  of  drinking  or  bathing  In  untreated  wnter. 

2.  MOUNTING  PHASE 

a.  All  personnel  will  again  be  trained  In  Individual  measures  to  protect  against  mos¬ 
quito  a  ad  mite  bites.  Water  and  food  discipline  will  be  emphasised.  Fly  control  meas¬ 
ures  will  be  reviewed,  particularly  the  use  of  DDT  solutions  and  of  sodium  arsenlte 
solutions  to  spray  corpses.  (Han  will  review  the  Importance  of  campsite  selection  to 
avoid  proximity  to  Infected  natives  aad  to  breed  lag  places  of  disease  carrying  Inserts. 

b.  Bednets  of  all  personnel  will  be  sprayed  with  a  five  (0)  percent  solution  of  DDT  In 
kerosene. 

c.  Kerb  man  will  be  prodded  with  2  uniforms  and  1  blanket  Impregnated  with  dimethyl 
phthalate  as  outlined  In  TB  Med  121,  dated  December  1M4.  Measures  In  b  and  c  will  be 
carried  out  in  as  abort  a  time  before  embarkation  as  possible. 


d.  Immunisation  records  will  be  checked  and  tbs  necessary  booster  doses  will  bo  given. 

e.  Suppressive  atabrine  will  be  given  to  all  personnel  as  outlined  In  TB  lied  IS,  dated  2 
July  1*44,  begins! ■«  »  weeks  before  May. 

f.  Bach  Individual  will  be  provided  with : 

Bar,  mosquito  or  hammock,  Jragh,  complete - - -  1 

BrpcUent  taaect,  2  oa.  buttle _  2 

Atabriao  tablets,  hi  Oa _ _ _ SO 

Insecticide,  powder,  louse,  2  as.  can _  I 


*  Taimttoas  of  this  SOP  new  rabbeted  three  times — la  tbs  South  rector  Area  Malaria  Tralstag 
Masai!  He.  1.  revised  Octeher  1U44 ;  la  rrer  retire  MHfche  Kassel  !»♦.  X,  HttSAkTOA,  Ksrch  194* ; 
sad  la  tbs  Joe  real  at  MHitary  MedMoe  Is  the  FscMc,  fcsUobr  1U4B— at  vhieb  the  last  sad  dmlut 
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g.  toh  organization  Hill  be  Ik.  ued  30  d».VK'  supply  of  the  foiloriiig  II huh  widt  h  will 
be  conspicuously  marked  and  carried  with  the  organization  ho  iih  to  lie  readily  available: 

Innecticlde,  powder,  louse.  2  ox.  can _ 100  per  100  men 

Repellent,  2  oz,  botlie* _  300  lier  100  men 

Sprayer,  liquid,  insecticide,  contlnnmiH  Ki>rny,  2  quurt _ 1  lier  100  men 

Sprayer,  oil  knapttack  type - 1  tier  100  men 

Diesel  oil.  No.  2,  "*  gallon  drum  with  5 '  {  DDT 

added _ 1  per  sprayer  oil  knaiwaek  ty|* 

Atabrine  tablets,  0.1  Gm _ 40110  tar  toil  men 

Inseetlekle,  freon-aerosol,  1  lit.  dlHpenaer _ 30  lier  100  men 

1.  COMBAT  PHASE 

a.  The  niaiarioioglst.  with  the  entoinnloglKt  and  iwrnsItoliHriKt  will  prorltle  the  mirgeon 
with  an  Insect  survey  and  an  estimate  of  the  malaria  ami  Insert-borne  disease  hazard  a* 
rapidly  aa  feasible  after  Il-duy.  with  subsequent  estimates  ns  determined  by  enrreut  eon- 
dltlonH  ami  needs. 

b.  Fly  control  will  be  done  by  hand  spraying  of  ilead  bodies,  with  .1  tier  rent  111  IT 
notation  or  with  1  lier  rent  sodium  arsenlte  solution,  ami  by  profier  rare  of  hnman  waste 

and  garbage. 

c.  Antl-mosquIto  measures  will  be  rarrlnl  out  hy  temisirsry  si*ray  teams  as  outlined 
In  par.  4.  The  atqiliratloa  of  1U»T  resldnal  effect  solution  to  native  dwelilngs  will  be 
emphasised. 

d.  Airplane  spraying  of  DDT  will  be  available  about  D  plus  10.  Requests  fur  air¬ 
plane  simylng  will  be  forwarded  to  the  surgeon  and  will  describe  the  area  to  be  siirayed 
with  aa  accompanying  contour  map  or  grid  map.  The  nature  of  the  Insert  imMem  with 
exact  entomological  data  should  be  flvra  and  an  estimate  of  the  need  for  repeat  spraying. 

4.  TEMPORARY  SPRAY  TEAMS  FOR  EACH  REGIMENT 

a.  Each  regimental  eomzzander  will  Immediately  form  a  temporary  spray  team  coss- 
prislng  2(i  men,  one  man  drawn  from  the  Insect  and  rudest  control  detail  at  each  company. 
These  spray  teams  will  be  assisted  hy  2  technicians,  who  will  be  temporarily  attached 
from  the  Malaria  Harvey  and  Control  Detachment  assigned  to  Army,  Corps  or  Division, 
linch  regimental  spray  team  will  he  quartered  with  Its  regimental  company  far  the  rsmhat 
period.  The  work  at  these  zpray  teams  will  be  supervised  hy  the  Dtvbdmml  Medical  In¬ 
spector  and  by  personas!  from  Malaria  and  Insect-Borne  Disease  Control  Groups. 

b.  Duties  of  These  8pray  Teams : 

In  amphBtzoa  apemttana  them  spray  teases  will  gs  ashore  with  the  bisdqssrtrrr 
tn  width  they  we  attached  and  hrgta  ly  aad  maaqalto  central  work.  Each  team  will 
entry  eat  the  PsBnwtng  measnrea  la  the  rear  at  rsmhat  Unas. 

(1)  fly  Control.  Dead  Mbs  will  he  wared  with  ft  pete— t  DDT  ealntten  nr  1 
percent  eadh—  a  results  srlatlm  Straddle  trench  >s  aad  pit  le  trines  wtU  he  sprayml  with 
5  pee  cent  DOT  zt  the  rate  of  1  plat  per  hstc  twice  a  week. 

(2)  Spraying  of  dwetUagz  aad  other  temporary  mmqHU  central  meanaraa  la  areas 
at  headquarters.  medical  facilities,  supply  ztatlone  aad  akw  «— uanatautlau  linen 

e.  Equipment  of  Theaa  Spray  Teaam 

Every  man  will  he  equipped  with  a  sprayer  for  DDT  solution.  Technicians  from  Dirt- 
Mon  malaria  aad  lancet  control  groups  will  carry  a  dipper  for  sampling  larva  pnpolatkms 
aad  ptelladaary  spot  maps.  Each  spray  team  will  carry  one  weeks’  supply  of  DDT  solu¬ 
tion  prepared  in  advance  aad  3  weeks’  supply  of  DDT  powder,  dhuolrtag.  Each  spray 
mam  should  he  equipped  with  a  power  sprayer. 
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d.  The  Temporary  Spray  Team*  are  formed  for  the  |«Tl<»l  of  active  operation  only. 
As  soon  as  condltiona  become  stabilised  and  when  designed  by  the  division  surgeon,  this 
personnel  will  return  to  routine  control  measures  of  the  company  Insect  and  r<alent  control 
details. 

e.  No  duties  that  Interfere  with  their  malaria  and  insect  control  functions  will  be 
assigned  to  the  shove  personnel. 

Individ asl  protective  measures  against  mosquito-borne  diseases,  mile-borne  tytthus, 
and  achlatoaomlasis  will  be  carried  out  by  all  division  personnel  as  directed. 
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Directive  on  Malaria  Control 

HEADQUARTERS 

UNITED  STATES  ARMY  FORCES  IN  THE  FAR  EAST 


rate:  7io  a.p.o.301 

18  APBII.1M3 

SUBJECT;  Saaltarj  and  Prerrattoa  hlraaaree  for  the  Oalroi  of  Malaria 
TO:  Coauaaadlag  Geaeral.  Sixth  An;,  APO  442. 

Comauadlac Onral,  fifth  Air  fom,  AlttWBV 
CuuuhIIh  (taml,  U.tUL  8.0.8,  APO  AVI. 

1.  The  foUawiag  aatl-iaalaria  nnunm  are  pabUshed  fur  the  lafonaatlna  and  mtMaace 
af  all  Ualted  State*  Am;  t  rarfa  bow  arrvtagr  In  or  Amt  Iked  Inr  malartn**  aieaa; 

a.  Prior  to  mnrrmmt  of  a  command  k  to  a  mntnnono  area  the  foilowlaf  aotl-aularla 
meaeaiao  will  he  aadeeftrtlrt : 

(1)  All  available  lafonaattna  heariag  mm  health  la  the  are*  will  he  collected  aad 
evalwatad  la  order  to  detonate*  the  probable  elf  ret  o t  Ihw  fart  ora  oa  the  aiebaem  rate 
nt  the  Imp.  Special  ante  will  he  wade  nt  the  prevalewre  of  aularta  aad  other  laarrt  aad 

araterhnrae  dteeaac*. 

<21  Where  the  arilitary  dtaatha  permit*.  tvfwrtally  tralaed  medical  iwranaael 
will  be  dl*p*tch«d  la  advowee  af  the  treipa  to  leak*  a  health  morrrj  of  the  are*.  RnalU 
nt  thla  earner  will  tea  a  baoio  far  eotlmetlag  I  he  relative  health  heard*  of  dtdferee* 
teratteae  wader  raaalderatlaa  far  etnapatlea  or  pctpieid  tactical  opera  tin**. 

(3)  Thera  will  be  attached  t*  the  eta M  of  the  reaieieadrr.  a  melartetuglat  er  a 
awdteal  aBar  aepacteSy  teaUM  la  triplcal  dteeaera.  lo  advtae  the  raauaaader  coatetalag 
the  retell  v*  aeaterla  haaarde  af  varioa*  pripaeii  rue  aad  hi  rower  aitee.  aad  lo  leawt 
aad  eaprtnrta*  the  aaW-auterte  week  aad  dteripUae  theoaghoat  the  mourned. 

<4»  Whea  the  aataea  nt  the  tactical  operetta*  permit*,  the  oraaateiliea  will  have 
attmhod  to  H  emterta  earvay  aad  raetrel  wait*. 


ef  aee  <1>  Jf.CO 


mawdrr  wtS  he  mpmdbh  ter  the  eatl  anteria  week  ae  adihad  hr  the  attached  amdtial 
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Each  organisation  will  be  laraed  the  following  one  iu<>nth'»  maintenance 


liar*,  awaqatto _ _  '£•  per  100  men 

lies  duet*,  moMqaltpp _  10  jpct  100  men 

Otorea,  muaqnlto _  10  |tr*  i»*r  100  men 

Rejwlleat,  moeqnlto _  400  li-i*.  hot  tie*  per  100  men 

Atabrine,  tablet* _  0. 1  mi. — <114  main*  I  3,000  tablet* 

| per  loo  men  for  *ui>|ireiu<lre 
treatment 

Equipment ; 

■prayer,  hand,  Inwvt  Mile  10  |ier  each  100  men 

Hprayer,  knapaack  tyj*  1  per  each  300  or  lea*  men 

Malariol  (or  Direel  Oil  No.  2)  1  drum  ,1V  gallon  t’.B.  per  *i>rayer, 

knapaack 

Insecticide,  for  m*  la  hand  aprayera  H  gallon"  U  K.  jper  loo  men 

Theae  unit  antl  malarta  auiipllea  will  he  conaplcnooaly  marked  and  mu*t  be  carried 
In  a  readily  arceaalble  ] place  on  the  ahlp,  to  be  available  immediately  u]am  arrival. 

<0|  Koppveaolve  Treatment  I  *ee  b.<3)). 
h.  Aall-JfmJaris  Jfraaarrt  forMUtlmm  Prrmumtl  la  ValariMi  Artmt. 

(1)  fait  roauna taler*  will  he  heM  rraporndMe  for  the  eafoerement  of  aatl-nuilnrla 
awaaarea  la  their  command.  They  will  direct  the  attached  medical  dhen  to  rive  renalar 
and  frequent  Inatmrthm*  to  the  peeanaael  of  the  command  on  malaria  control  meaanrea  aa 
well  aa  other  phanea  of  hygiene  ami  aaaitatkm.  The  date*,  arnnher  <pf  boar*,  and  anhJecta 
covered  In  all  Inatracthma  will  he  reported  la  the  anmthly  aaaltary  report*. 

(2)  In  thoee  aalta  la  which  anti-malaria  detail*  hare  nit  been  orgaalard,  atepa 
will  he  taken  promptly  to  deabmate  and  train  each  dctalla  in  accordance  with  the  prorl- 
ahms  of  paragraph  a.  <3). 

(3)  hawarwadre  treatment  will  ha  taken  rnmmrnilan  at  week  prior  to  arrival  la 
a  maleriow*  area  and  will  eeutiaor  ander  carefai  enperrtaloa  while  la  the  ana  and  for 
fonr  week*  after  retain  to  a  aoa-malartoae  area.  Treatment  la  llflly  a*hrbw  area*  win 
caaalat  of  me  tablet  of  atabrine  0.1  m.  ante  dally,  its  day*  a  week,  taken  at  awnNIme  with 
a  drink  of  water.  For  troop*  atatkmed  la  arena  aperidcaMy  drelmotod  by  the  (Thief  Malart- 
ol*klaf  as  alNff  aohrlaa,  the  aappreariva  dose  of  otahetae  win  he  one  tablet  HI  gm.  (1% 
irtiaa)  twice  dally  on  two  days  •  week.  aUoartac  a  taro  or  three  day  Interval  between  days 
of  medl ration.  Suppressive  teaatmaat  win  bo  aaparrtaad  by  a  i-nwadmliaed  anker  to 
tnaauw  that  each  t.ldlar  nctaady  owollawa  the  madl ratlin, 

<41  Tho  iHcrfha  af  cwmp  oed  Keener  aWc*  will  ha  mad*  aa  aa  la  aoaM  If  paarihta : 
(a.)  Bruxladty  to  aatire  rllhpi  ar  eampa, 

(h.)  Araaa  haaaa  to  bar*  a  haary  papulatlau  of  malaria -ta rijlm  amoaaltaaa. 

(B)  JadMdunf  pvkdlft  ant* raa  trW  hr  carried  aot  a*  fakatri; 
a.)  the  waarian  *f  sheets,  and  ahltta  with  an!  atoaeea  la  praMMIed.  Weak  da- 


h.)  An 


wta  ka  ratal  eel  to  deep  aa 
rea  arm  laatmrt  tho  troop*  la 


e.)  Mr  Ignite  hewdwrta  and  glome  will  he  wont  while  an  meed  doty  or  other 
night  week  whenever  tkle  la  peaaMe.  Odkera  aad  men  who,  keeaaao  a t  their  weak  are 
aaahla  to  wear  gtovaa  aad  baadaota,  wW  cover  all  eipeaed  akta  aorfaceo  with  rep  ill  ml. 
The  revrtk-at  maat  he  rt  applied  every  bw  boor*  to  bet  ft*  tire. 
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(0)  Aall-mont/allu  mraaMrr*  an  folluirn,  will  lx-  lull Ixtiil  u|»»i  urrivnl  In  nmlarlons 


urn: 

(m)  Ilaml  killing  of  i'Hg«mal  mnaqaltoeH  will  Id*  done  dally  In  each  tent  and 
bat  within  the  area. 

|b)  Bach  lent,  hut.  or  *lro|iltir  iilace  will  lx*  xitrityed  daily  with  lONocIltldr  In  kill 
the  Infected  mow|tdtnex. 

|r|  ItreedlliK  llanw  fur  inumtaltu  larvae  within  half  a  mile  radian  of  the  ramp 
Kite  will  lie  drained,  tilled  «r  idled  by  the  unit  anti-malaria  detail.  K>t|ierlal  attention  will 
be  directed  to  atandliig  water  In  tuan-liuHle  excavation*,  wheel  ruta,  mnirat  nhellx,  ran*, 
and  other  container*.  It  Im  tin*  re*|»n*lldllty  nf  the  ranimandlnjc  offleer  to  nee  that  the  pro- 
Krau  for  the  tleatroctlon  of  breeding  iilucea  la  eAclenlly  i-arrletl  out. 

2.  KxUtlng  Inxtmctlun*  looted  by  the  1.8.  Army  command*  will  la-  revlaetl  In  ronforu 
In  detail  to  the  alntve. 


Ity  i-unimand  of  Ceiteral  MacAbtuck. 


Copiea  fnrnlahrd  to: 

Army,  t'orpn.  IMvIalou* 

Heparale  Brigade* 

Air  Fone  Command*  and  flnm|M 
Advanced  Ilaor  and  I  lam-  Hertloaa 


a/  L  H.  OaTBAaiicn 
t/  L  K.  OOTBAKBCB 

Adjutant  (JunraL 
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AatlaM burial  drop*,  T-8, 30, 103,  Ml,  333, 430 
la  Bataan,  300 
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la  Trinidad  Sartor,  232 
asppreasire,  131. 152, 108,  222, 330. 385 
discontinuance  of.  471 
epldemlotoglcal  aspects  of,  553-558 
la  Africa-Middle  East  area,  848 


In  (‘hlnn-ilitrtim-lnditt  tiienter.  372, 
303-390 
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Australian  Insqis,  malaria  In,  5t7 
Austria,  233 
Avitaminosis,  503 

Id  Japanese-held  prisoners  of  war,  511 
Airrbaijan,  319 
Anita,  128 

Bagae,  301 
spleen  Index  In,  498 
Baghdad.  309 
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G-l  I II vision  ;  0-3  Division, 
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Georgetown,  121.  200 
Germany.  7,  20, 30, 233, 401 
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See  aim  DDT. 

Giiobmixv,  Vice  Adm.  Koncrr  Is,  «M 
Gleiusa  stain,  113 
GlUtEBTHox,  Wwut  K.,  100 
GiLULAxn.  Col.  Paul  C.,  148 
lllaaalaa  patpatin,  330 

Grill  Coast.  133,  308,  312,  320,  321,  XT.  333. 
3U.  3M 

hyiieremkxnlc  malaria  In,  317 
GoxaAUa,  MaJ.  Louis,  216 
Goodenough  Island,  332 
Gobbas,  MaJ.  Uen.  William  C,  171 
Gorgas  Hospital,  184 
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Granada,  l.U 
Geaxett,  I’.,  120 
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apailrpa.  207 
Great  Britain,  122. 186 
Greater  Antilles,  1V7, 100-202, 238 
climate  of,  107 
topography  of.  138 

Prr  aim  Cnha;  Halil;  Jamaica;  Puerto 
ttes. 

Green  Hill  Caatafinmnt.  Trinidad,  RW.l., 
277,  2X2 

Green  I  stand,  400,  405, 108.  406, 116,  448,  463, 
464 

splenomegaly  rates  In,  417 
“Green”  Project,  141*  131,  ltd 
Grenada,  208 

Amnpkrlra  pecsdopsarGprawi*  in,  37 
malaria  la: 
epidemic,  212 
mortality  rate  of,  212 
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Gmaseto,  264, 278 

Guadalcanal,  2,  4,  404,  406,  400,  410,  447,  463, 
404,  529,  572 

airplane  spraying  In,  448-441) 

Anophelet  faraatl  In,  410,  420 
Anophelet  koUcntia  In,  418,  420,  474 
Anophelet  note  line  In,  410 
Anophelet  mIdmimIi,  411) 
antlmalarla  nmaumi  In,  420-427 
antlmalarla  supplies  In,  42S 
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hyperendemk-lty  In,  433 
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rate  for.  436,  431.  432.  433.  460 
parasite  rate  In,  41 5 
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rittmotimm  falciparum  In,  416.  420,  431 
rtetmodinm  malarial  In.  416 
natmoAlam  cleat  in,  416,  42B,  431 
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surreys  In.  416,  433 
use  of  bed  nets  In,  466 
vectors  of  malaria  In,  4 
meat  malaria  In,  433 
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Guadalcanal  Malaria  and  Insert  Control 
Oceanian  tioa,  443 
Guadalcaaal-TuU«i  area,  404 
Guadeloupe: 

A  nap*  elea  fnm Ha  In,  306 
Mack  water  freer  In.  363 
malaria  rectors  la,  306 
OuaJarA  Bap,  146 
Guam,  320 
Ounnacnates  171 

flualiarala,  136, 136. 136, 3TT,  338 
Auaph  rice  alUmanat  in,  165,  168 
Anophelet  aMtertU  la,  126 

Anapa  rica  dart  In  pi,  168-140 

A M^wftnlaa  m m a- aa Annatn arf fnanala  In  160 
^^VwVPpwW%lr^*WM6s  UBp 

Anapa  rlee  reatillpeuaia  la,  148 
Bataan  of  PuMic  Welfare,  148 
malaria  In,  148-144 
Guatemala  Otty,  144, 238 
Gaayaaa,  307,  208 
Gala  ana.  113,  134,  134, 145,  198, 307 
Guinea,  SIS 
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Gnxmanta,  129 

Haas,  14.  Col.  VicToa  II.,  375 
Haiti.  105,  237.  240 
Anophelet  alUmanat  in. 201 
Anophelet  prahhaml  In.  201 
.4  nopkclea  veatipmnla  In,  201 
malaria  In  Infants  In,  201 
Platmodla m  falciparum  In,  201 
Plaamod Ism  mtltrite  In. 301 
Platmodlam  riraj  In,  201 
imputation  of.  201 
spleen  rate  In.  2tq 
surreys  In,  301 
Ilalmabera,  330 

llAUUtr,  Adm.  William  f,  Jr.,  404 

llamablka,  Japanese  B  encephalitis  In,  494 

Hamilton,  Id.  Col.  Cicnaur  W„  183 

IlAamcNmcaatl,  Col..  William  A.,  1, 78 

Ultra,  P.  A,  415, 434 

llAmuso.-f,  Id.  Col.  Kuiot,  237, 238 

IlAMuaox.  Ca|d.  ErutnnO.,  487, 491 

llato  nrid,  238 

Ha  Bra  rust  Hirer,  200 

Ilarana.  190 

Harannah  Harimnr,  406 

Hawaii.  483 

Hawaiian  Islands.  529 

Antra  aepppli  control  In,  1 10 
Health,  569 

Health  aad  Safety  Department,  Ttmcnm 
▼alley  Authority,  68 
Uculth  Education  Cnlt.  12,55 
Health  mensnrea  In— 
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BcHm.  143-148 
Portalena.  141 
Natal,  144-152 
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Me  Lata,  144-141 
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Heimstba,  (’apt.  ran a  A.,  134 
HKtaaanox,  John  If., 304 
Henry  Barrack*.  I’JL.  302, 314, 214, 223 
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Himalayan  apllft,  347, 330 
Himalayas,  330 
Hindustan  Plain,  330,  351 
Hispaniola.  Set  Haiti. 

History,  military,  effect  of  epidemic  malaria 
upon,  3 

Hoke nherpU  tie  lists,  207 
HaUsadU,  323,  532. 549 
Holt,  Col.  Roms  U,  498, 490 
Honduras,  120, 190,  190, 190, 240 
AnapAele*  alMmsuas  In,  103 
Anophe let  dtrllnpi  In,  103 
malaria  In,  109 

epidemic  in,  106 
Honolulu,  T.H.,  dengue  In.  100 
Honshu,  473 
Hookworm,  30, 113 
la  New  Hebrides,  414 
In  Snbsnoa  Islands,  413 
HorteneM.310 

ntmsritt,  Capt  William  H_  530,  531 
Hospital  admissions  for  mslaria,  compared 
with  battle  casualties,  l 
Hospital  Corps,  440 

Hospitalisation,  redaction  in.  In  Sooth  west 
Pnciflc  Area,  571-573 
Hospitals,  eraraalhm : 

30th — 377 


93th — 295 
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399th — 334 

Honsiap  at  rarioon  bases  la  Booth  Atlantic 
Coasmaad,  144-189 
Howard  Field.  197, 238,240 
Hakawac  Valley.  347 
Ha-ana,  353,983 
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In  Assam,  395 

in  Aiwtralinn  521-522 

In  Bona,  522 
in  Burma,  305 

in  D'KnlrwSNtcsnx  lin«t|L  521 
in  East  Rental,  395 
in  Gold  Coast,  317 
In  1*811111, 519 
Hyperendewicity : 
in  Gsadalcanal,  358,  433 
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Ibadan,  320 
Iberian  Peninsula,  253 
I  bora.  152 

llmra  Field.  Hraall.  152. 133, 155 
malaria  In,  154-155 
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li-nbiua  Island.  475, 477 
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Immortelle  Irene,  129.  2IM.  207.  228 
coat  of  cUmMm,  228 
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of  Xisniw,  la  Firm'll  Galana.  311 
tolerance,  211 

to  malaria,  la  native  populations,  114 
1  mperial  Japanese  Army.  508 
Impounded  waters,  187. 21V 
Incidence  rate  (s)  for  malaria  In— 

Kfnte,  2 

Winch  West  Africa,  5 
Guadalcanal,  2 
Milne  Ray,  2 
ladaloua,  38,39, 121, 179 
Index: 
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parasite.  See  Parasite  Index. 
Ptesmsdiess.  dee  POnamadtem  Index, 
“safe."  >43 

apisea.  gee  Spissn  Index. 

India,  35,  37, 397. 308, 99W,  339. 347. 349, 109, 
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dsspkrlrs  enMeifWefes  In,  991 
A  ns  pdrics  Stephens!  dffitad  in.  194 
malaria  In,  351 
Incidence  of,  3S« 
mortality  of.  359 

toxic  effects  of  tolfsmerasiar  in,  S3 
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Indla-Bnrma  theater,  23 
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Indian  Arm):,  H8I 
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.119 
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nth — jd.1 

HUh— 20.1 

2«h— an 
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In  Bnath  Pari  Of  Area,  180-474 
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Mm  aha  Banana:  marinate:  Bernh 
Tyihm  ;  Ti  alrogmaiht  C  un, 
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Armani  iHafmarra  In,  40-41 
airplane  ^mylnc  In,  43-48 
DOT  in.  43-48 
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era  in.  41 
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Herr  tree.  104.  DO).  244,  243 
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aularia  rates  la,  010 
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Italian  Somaliland,  313 
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rrshlnal  bouse  spraying  with  DDT  In,  200 
Itoman.  477 
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Anaphrles  afMmaaaa  la,  2U0 
daarrlptloa  of,  100-301 
malaria  In.  200, 301 
mortality  from,  200;  201 
paraalte  Index  of,  300 
participation  of  Malaria  Control  la  War 
Arana  la.  200. 241 
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Jtpnnme  B  enrephalHlo,  488, 480,  404 
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John  and  Mary  K.  Markle  Foundation,  48 
Johna  Hopkins  University,  224 
Joitasoa,  2d  Id.  Aus  H„  142,  143,  148,  195 
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Joint  Army-Nary-AIr  Foree-t.K.  PnhUe 
Health  Service  Malaria  Control  Com¬ 
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Joint  Army-Navy  malaria  and  laaaet  caa¬ 
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Jolat  Chiefs  of  Stal,  4*4 
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Jaaa  Mina.  100 
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am  nf,  la  CMaa-Banaa  India  thaator,  M 

KhOAlf,  MaJ.  Iksaats  M,  140;  M3 

Kalleona,  322 

Kalmans,  525 
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Kklto.'i,  Oil.  Kuwix  I’,  MCI,  11K) 

Kenya,  40. 3111 

Anopheles  yomhitn  In,  330 
Kemuia  Inland*,  1"i 
Kernacw*.  133,  300 
|>yn>lliriiiu  H|>ray.  401 
KhH  rt until.  304 
Kin.  400 
Kllik'sloli.  131 
umlurln  In,  3oo,  301 
Klrlwlnu  Inland.  33 3 
iimlnrlii  Mirvrjr  in,  370 
Klwjr,  330 
Kltava.  333 
Kh»fblTuk.  387 

Knaiwai'k  a|»rayer».  See  H|irnycrx,  knai* 

Mick. 

Kobiuia,  340 

Koko|M>,  310 

Kill  Field,  462 

Knur.  Wiiijam  H.  W.,  172 

Korea,  377 

Kuaiw  kxl,  333 

Knri-ck<Mi.  333 

Kokoio  PoUt,  406 
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K’bh-bIdk  1’laln,  333 
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KyftahO,  473,  470 

Lahoratoriea : 
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MO 
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la  Soatk  Pnetfc  Area,  408 
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oils  as,  80-1*8,  100,  ail 
diesel,  64 
emulsions,  230 
In  Pnerto  Itlio,  DO 
parla  green  as,  65,  06, 100,  147 
Larvlcidlng : 

airplane,  In  Mediterranean  theater,  281- 
260 

In  Chlna-Harma-India  theater,  360 
In  Liberia,  .142 

In  North  Afrleau  theater.  261-283 
in  South  Pacific  Area,  45s— MO 
In  Southwest  l'aeltte  Area,  456—100,  344- 
550 

U  6|iexla.  253 
La  Veetorla,  206 
Las  Canas,  105 
Usfaiu,  305 
Las  Patinas,  23.1 
Las  lledras,  225 
Latin  America,  1<M 
satire  population  of,  125-120 
Ore  aim  Neotropical  region 
Leak,  MaJ.  Mrs  an,  31 
Lethi.  .117.  340,  361.  304.  300 
Ln,  D.  J.,  332, 530 
Leeward  Islands,  121, 107. 202 
ctlamte  of,  107 
IXfcia,  M  .,  212 
Leghorn,  232, 233,  283,  278 
Leghorn-Ptaa  aretor,  273 
Letoiuaa  Blasts,  30 

Loose,  Lt.  CoL  Omw  R,  130, 140,  143,  133 
Leprosy.  3# 

Leaser  AatlUee,  202-200, 238 
Amophclr*  el lOaeaai  In,  20C 
4  of  Artec  syasiells  la,  120, 202 
Maekwatrr  fcnr  hu  202 
Malaria  Is,  202 

See  els*  Aatigna;  Gaadeioape ;  Balat 
Lrla ;  Vlrgls  Islasde, 

Levnnt.au,  312, 321 
daapdrtoa  wmettmrmrt  la.  223 
Levant  Heevtoa  Caauaaad,  3M 
Unn,  V  II,  413 
Leyte,  31,077 

Uhaeta,  22. 13*  27*  MM.  Jd*  312.  32*  321, 
322,  337,  S3*  332,  33S,  83*  338,  244,  343 
raatrsi  arti Titles  la,  341-342 
drainage  operations  in,  342 
eadsoslrity  la,  313-31T 
larvMdlag  la,  342 
parasite  rate  la,  31T 


Plummiriium  /alWyassm  In,  310,  338 
I’lviMOttimw  mutarlmv  In, 310 
Ptm*mo4 isst  riru  In,  310 
Liberian  Frontier  Force,  3tl0 
Liberian  Uoverumeitr,  300 
Libyan  Service  Command,  304, 305 
Lichen  plunus,  470 
atypical,  355 

In  t'hlna-liurinu-liHlia  tinnier,  305 
Limit,  174,  240 
Limay,  400,  300,  500 
spleen  Index  in,  406 
Limu.Y-Mariveies-t'atiaben  areas,  508 
Lime  dust,  200 

Lisduman,  2d  Lt.  I uviNi,  E„  142,  147,  130 

Luswv,  E.T.,  434 

Little  llagulo,  301 

I  Am  to*,  330 

Llanos,  207,  206 

I/O  Isa  Aidea,  244 

I/OtnliHi,  250 

Lo.su,  Lt.  Col.  l’raais  H,  200 
Lorenta-Kivler,  327 
Loa  Hanna,  440 
I/OS  Negros.  330 

Looey  Field,  PJL.  214.  217. 218.  210,  233, 230. 
238, 241, 242 

Aaoparles  alMa mom  Index  at,  200 
drainage  projects  at,  242 
coat  of,  221 
asaUrta  in,  221 
Iamislade  Archipelago,  321 
malaria  in,  31*  322 
Lost  Cowatrien,  3 
Lower  Egypt,  318 
Luc-esa,  I)r.  IXavAt.  T„  133 
Laaga  River,  438, 412 
Lnaoa,  400 
defense  forces  ha,  030 
LyaphtMtli,  473 
Lya^haagltla,  473 

Mac  Aar  a  vs.  Oca.  Uisjsua,  2,  404,  43*  318 

Uaccvlukk  Jews,  2,  3 

XmDmaia  Brig.  Omm*  211 

Macedonia,  am  laris  i*  la  World  War  L  4 

XaeeM.  122 

Madagascar,  *  31*330 

Madewlal  Hirer,  M 

Magnesia  at  oxide,  183 

Majawar  Hirer,  ITS 

Makasar,  323 
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Malalta,  410 
parasite  rate  In,  415 
splenomegaly  rate  In.  417 

Malaria : 

admission  rates.  8rc  Admission  rates, 
malaria. 

Bataan,  defense  of,  and,  41)7-511 
cerebral.  Sec  Cerebral  malaria, 
chills  and  fever  In,  SOU 
civilian  reservoir  of  Infection,  00-70 
clinical.  See  Clinical  malaria, 
control.  See  Control  of  malaria, 
convulsions  In.  oOtl 

deaths  caused  by.  Sec  itorlulilp,  malaria, 
hyiierendeudc.  Sec  Hyiterendemlc  ma¬ 
laria. 

delirium  In,  .106 

edema  la,  .105 

eademlcit y  of.  See  Kndemiclt y. 
epidemiology  of,  3, 5, 41*7 
eatlvo-antmunal,  211.  Sec  ilw  Falcipar¬ 
um  malaria. 

falciparum.  See  Falciparum  malaria, 
hyperendemic.  Her  Hypereadctnlc 

malaria. 

la  Amapd.  157.  158 
la  Amerieal  Division,  429 
la  Australian  troops,  S17 
la  Bataan,  5TO-508 
la  Beton.  145-147 
la  Beagal-Orinsa  lowlands,  331 
la  Brahmapntra  Valley,  551 
la  Brasil.  103 
la  British  Honduras,  100 
la  Sanaa.  350. 374. 393 
hi  Ceylon,  331, 391 
In  civilian  refnpees,  390-539 
la  Dmalaka.  212 
la  State.  449. 431-422 
la  enemy  troops.  434 
la  Espirtta  Bant*  Inland,  409 
la  Bartpesss.  317 


la  Ftsssct  Galana.  311 

In  Oaamm  Valley,  3BI 

la  Prana  da.  312 

la  Can  da  tenant,  4, 400, 491 

la  Haiti.  3M 

la  Bandana,  199 

la  India.  351, 3M 

la  Infants.  391 

la  Iran.  318, 319 

la  Iraq.  323 

la  Italian  troops,  337 


In  Italy,  250. 

In  Jamaica,  lot*- 201 

In  Japnnete-helil  prisoners  of  war,  510, 511 

In  Jaiwnese  tris>|>s.  454, 500-510, 573 

In  Loulslade  Archipelago,  510, 522 

In  Slansloula,  4 

In  Munda,  400 

In  Nago,  4H3 

In  Natal.  131. 1401V) 

In  New  (jeuryla,  400 
In  New  Uiiluea,  516,  573 
In  New  Hebrides.  Hit,  414 
In  Nile  Delta,  322 
In  Nile  Valley.  316 

In  Northern  Comlmt  Area  Command.  301 

In  Okinawa,  460,463 

In  Panama,  11 

In  post  wars.  2-3 

In  Phlll|ifdnea.  4. 11 

In  pels. me rs  of  war,  374 

In  IVrtii  Rican  De|tarHnent,  217 

In  Puerto  Klivi,  H,  213, 217, 216 

In  Recife.  153, 155, 150 

In  Russell  Islands,  400 

In  Saint  Vincent,  212 

la  Mn  Luis,  100 

la  Hard  la  la.  252 

In  Rtrlllas  campaign.  1 

In  Sicily,  202,  303 

In  South  Pactic  Aren.  490 

la  Sonth  Iaaci9r  natives,  prevalence  of, 

415.  434 

la  soot  Sera  railed  States.  00 
la  Surinam.  210-211 
la  Tofanco,  213 
la  Trinidad.  200, 213 
la  TriaMad  Hector.  225-227 
la  Trohrtand  Islands.  SIR  022 
laTnlaoi-Plorida  Island*  d» 
la  25th  Division,  431 
is  37th  Division,  431 
tat  43d  Division.  412 
lit  147th  Division,  499-431 
la  Vella  LarsBn,  498 
la  Went  Africa,  4,  ft 
Is  Woodlark  Islands,  flat 
tat  World  War  1.3 
tneidrwco  at: 
la  Klrlwlna  Island.  579 
la  Booth  Atlantic  Command,  MS 
la  soothers  Called  States,  91 
la  Southwest  PaciOe  Area,  513, 378 
la  Called  States,  hef  rre  World  War  II, 
02-99 
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Malaria — Continued 
Indigenous,  2U3 
Introduction  to,  1-10 
leaaotis  from  World  War  II,  5- 7 
maniacal  reaction*  la,  5Utt 
morbidity  data.  Sir  Morbidity  data, 
mortality.  Sir  Mortality,  uialarla. 
outbreak,  434, 400 

parasites  lu  blood.  Id  prisoner*  of  war,  374 
See  «! tr>  Plaimtrfta :  Platminiiam. 
peripheral  neuritis  in,  505 
prevalence  of : 

and  decline.  In  Routh  Pacific  Area,  433 
on  Brail  I  Ian  Coast,  13H-KH* 
protean  manifestations  of.  In  prison 
camps,  511 

racial  Immunity  to,  (K 
rate: 

la  Africa-Middle  Bast  theater,  323,  327- 
320 

in  Americal  Dirlsloa,  420 
In  Bougainville.  428 
In  Camp  O’Rdily,  220 
In  Caribbean  Air  Command,  240 
la  Caribbean  area.  230 
In  Caribbean  I  tefenae  Command,  184 
In  Chlaa-Bartna-Indla  theater,  308-137, 
300 

In  Kate,  421-422 
in  bpfrltu  Ran  to,  423 
In  Guadalcanal,  428, 480 
la  Italy,  388 
In  Japanese  troops,  434 
in  Liberia.  230 

In  Mediterranean  theater,  381,  388, 384, 
188, 308,287 
In  Milan  Bay  area,  378 
la  New  Georgia  Group,  43S 
la  Hear  Guinea.  1 
la  Xerth  African  theatar,  348 

ITT.  178, 188, 181, 18L  213. 338 
la  raeeteftleaa  fleeter,  313,218 
Mael.rtsdtreapa.8BT 
M  floathureat  Psrtfle  Ana,  ST* 
MTaMfll-TlatMa  Islands,  437 
M  30th  Division,  481 
M  VeOa  LareUa,  438 
relapes,  418 
rsMpees  at.  87, 511 
sea  sens!  dtetributton  ef,  88-87 
apteacaeagatr  la,  80 


training  films  on,  138 
transmission  of,  244 
climate  in  relation  to,  255 
factors  In,  4 
potential,  102 
reduction  of,  242 
treatment  of: 

QAP  |i|ulnlne-Atabrlne-piasniocbln)  In, 
571,  572 

su[>pres*lve  drug,  30-37 
See  alto  Atabrlne;  Chlonsiulue;  Qui¬ 
nine;  Hulfaaieraslne. 
rectors  of,  40 

In  Csrlbiiean  Area,  12B-138 
in  Central  America,  102 
In  Chlna-Banaa-Indla  theater,  358-388 
In  Guadalcanal,  4 
in  Guadeloupe.  205 
In  I*uerto  Rican  Hector,  218 
in  Routh  Atlantic  Arm.  128-138 
in  Routh  Pacific  Arm,  417-420 
In  West  Africa.  4,  5 
neotropical  region.  See  Neotropical  re¬ 
gion. 

See  aha  Anopheles ;  Anopheilaes ;  Moo- 
gal  to  rectors. 

Malaria  Adrlsory  Board,  Allied  Force  Head¬ 
quarters,  2344,  288 

“Malaria  and  Epidemic  Disease  Ritaatkm, 
Ofciaawa,"  488 

Malaria  sad  Insert  Control  Group,  474 
Malaria  and  Insect  Control  Organisation, 
473 

Malaria  aatlpsas,  182 
Malaria  rarrtera,  153.  218 
Malaria  rase  rspsrt  card,  578-571 
Malaria  case  manats ry  card  record,  570-571 
Malaria  coatroi  battalion,  486 
Malaria  Coatrnl  Pern  oast  rattan  Ink,  0 
Malaria  Control  Detachment  (Overhead), 
3805th— 375 

Materia  Oaatiei  Drtachmeats.  271, 278,  437, 
438,448,487 
18th — 578 
28th— m 

07th— 143,  143-144,  147,  148,  158,  188,  Id, 
184 

118th — 236 
130th— 330 

SOd  Medical,  231-233 
3150th — 272,  373,  275,  380 
Malaria  Coatroi  Drateape  Program,  lt» 
Materia  Onstnl  Group,  437, 454 
definition  of,  443 
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Malaria  Control  In  Drfinar  Aram,  K7 
Malaria  Conlrol  In  Wur  Amin,  I'.S.  Public 
Health  Service.  .*>7.  74,  8.7,  87, 80,  HO,  203, 
223,  241-244 

act  It  Him  or,  MHK  1110-1112.  Ill 
Aciet  urptptt  Dlrtelon,  U0 
evaluation  of.  111 

EiImiH  Malaria  font  rot  I’mgrum.  102- 
105 

Field  Memoranda,  0.7 
organisation  of,  80 
}MrtU'l|«tliHi  of: 

In  Jamaica,  200,  241 
In  malaria  control.  74.  85.  87.  88,  80 
In  Puerto  Rico,  223,  241-244 
Malaria  Control  Laboratory,  3Ji2d  Medical, 

rn 

Malaria  control  organisation,  mllltarj,  • 
Malaria  C<mtrol  Unlit*). ».  15. 2.78, 2HH.  272. 
373,  308,  435,  430,  437,  430,  438,  530,  MX 
MO,  57.7.  577.  578 
activation  of,  lft- 20 
hlxt  or  j  oT,  143-144 

la  overaea  theatre*.  18-20,  28,  20,  lilt.  120 

la  Philippine  I  eland  a,  577 

la  Southwest  Paetftc  Area,  330,  541 

la  USAFriC,  577 

KM— 573 

110th — 333 

125th— 335 

Materia  dtarlptlac.  122.  133.  148.  1.70.  158, 
lftS,  173, 177,  200,  21*.  221,  222.  247,  5*8 
Mteitloa  of,  130 

la  Africa-Middle  Rant  theater.  344-345 
la  Air  Transport  Coanmand,  330 
la  Amerlral  Dtvtetea,  430 
la  Cklaa-BaraM'IaHite  theater,  374,  304 
la  Mcdlterraaeoa  theater,  SOT 
la  It  oath  Africa,  an 
ha  North  Africaa  theater.  >40.  300.  M 
Ik  Panama  Oaaal  Dvaartmaat.  175.  180 
180  no 

la  Paertn  Ike,  330 

teMdtr,  an 

la  Oath  Atlantic  C  warn  a  ad,  144 
la  Bauthweat  Pacts*  Area,  508,  500. 570 
la  Trinidad  Sector,  237 
teach  tag  of.  138 
Materia  egwhare  la — 

Africa -Middle  Eaat  theater,  333-333 
Chi aa-Rarau- India  theater,  300-374 
Meditrmaeaa  theater,  301-300 
North  African  theater,  301,  3(3 


Okinawa,  488-48.7 
Houtli  Pacific  Arcu.  421-434 
tTlilted  Stutea,  tll-112 
Materia  Infection,  2)1) 

Materia  Inalltute  of  liulla,  3h4 
Malaria  I^tlatrahtr.v,  211 
at  Fort  Read.  231-232 
at  San  Juan,  232 

Malaria  reaearch  group,  in  Sonthweat  PariHc 
Area,  504-5113 

Malaria  Bchm>U.  HWPA,  .707 

See  aim  Antimalarla  acboolH :  School*. 
Malaria  gurrey  Detachment!  ki,  1.17,  258, 
271,  278. 2711.385 
In  Okinawa,  480.  488 

In  Uynkyu  l.lat*  hi  I 'nnitnMlxl.  48.7,  4)M).  402 
in  Booth  Pacific  Area,  437.  430  443,  440, 
4.75,  488 
«th— 578 
3.7th — 383 

aoat— 1.78,  142-144, 148,  151, 150. 157. 150. 
184 

Malaria  Savvey  Unlit.),  15.  142,  272.  370, 
80S,  454,  538,  530.  543,  M0 
activation  of,  18-20 
5th— 581, 577 
17th— .7.78 
303d— 183 
311th— 575 
hist  orr  of,  143-143 

In  overaea  theaters,  18-20,  28.  ZU,  UK  130 
la  Philippine  islands  377 
la  Ooutbweet  FaeMc  Area,  541,  541  575, 
OT,  578 
la  t'HAFFK,  577 
Material  *80 

Matarioiogtaim,  140, 377.  ST*.  538, 340, 541 
ahattehmeat  af  title  s(,  3TT 
Allied  Force  Headgaartcra,  371, 273 
0h4atem.4atreC.44T 
la  Snath  PariOr  Area.  400. 441-445 
NATOfTOA  (MTOrOA). 340,3*. m 334 
theater,  371 


DDT,  0-0 

Mnterietegy  Brhaal  at  Naval  Medical  Q  cheat, 
Matarfcaaetry.Ol 

Malaya.  Anaphefcu  man  It  Inn  aa  vector  la, 
530 
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Malnutrition : 

rfffrt  or  malaria,  572 
in  trout*  la  Balaam  5ft*,  50)1 
Ual'X'itlv,  8 
Manihare  River,  31 7 
Maiuberamo-RIver,  515 
Mamberauto-RIver  vnlley,  525 
Manama,  HR,  190 
Mana  11.220 
Manchuria,  511 

MamiauK  IMatricl.  xplpnic  iDdri  In.  517 
Mandated  Territory  of  New  Unities.  51U-521 
blackwater  fever  In.  510. 521 
fmlcipmmm  malaria  in.  521 
infant  mortality  In,  519 
malaria  la.  519 

relative  frequency  of  parasites  in.  529-521 
seasonal  invaleuv  of  malaria  attaeki  lm 
521 

m*eok-  indices  In,  519-520 
Maadnrta,  270, 279 
Mauaruve  ewampe,  513 
Maataral  react  Iona  in  malaria.  300 
Manila.  4UO  500. 501 
Maaila  Bar.  *07. 305 
Maaipar  Road.  319 
Maaofcwart  523 

ritmr  malaria  in.  525 
jraaaaaia.  191 
Maaaa  I  aland.  519, 310 
Utru.  U.  Johk  It..  483 
Mapptag.  551. 312 
Marne*.  138 
MantR  128 
MaraaMn,  109 
Martherlta-leda  area,  379 
Maria  nao.  190 

Marla*  Dtrtaioaa: 

1st— 183.  308,  372 
M— 499.398 

Marine  Regiment*.  3th  l  lat  Marine  Divi¬ 
dual.  4MB 
Marines.  0th— 171 
Martve*es.  901 
apieen  Mm  In.  MR 
Markham  Rlvsv.  51.1 
Markham  V  alley.  380 
ManriUr,  253 

Mabbiuu.  Gen.  Clanooc  c„  508 
Mara  Tatfe  Force.  349 
Marllaqae.  184. 2112. 204 
Mark  water  fever  la,  202 
Mataalka  River.  490 


Mauritius,  319 
Aavithrh  a  /riirilM  in,  329 
Ano/thvlrt  jmj shlsc  In.  329 
McCoy,  I.t.  Col.  <  Iliveb  R.,  1, 188 
MCD.  See  Malaria  Control  ]>i-tii<-lmieiit*. 
McDufkik,  CaiK.  William  C..  190, 191,519 
MCWA,  8c,  Main  r  in  rwitrul  In  IVnr  Arena. 
Medical  Bulletin  Nil  It,  Ilcatlquarter*.  Ry¬ 
ukyu  iNlamlH  Cnnuuuini,  14  July  1915 — 
48« 

Medical  Ci«ii|Hwlte  Cult  (Malaria  Control), 

ae«i— aim  2»i 

Medlial  Dritartiuenl.  13.  14.  18.  49,  70.  79k 
1411,  102.  188,  214  215.  232.  240.  250  271, 
294.  375.  370  579 

Mrdicui  lletarinnt  >*M<i  Kanllnry  Force, 
188- -183.  184 

Medlial  Field  Nervier  Hehiml,  Carlisle  Bar¬ 
rack*.  55 

Medical  ius|*a-tor  special  tnialarlologlst ).  3, 
377 

Medical  Installations,  l*an  American  High¬ 
way.  194 

Medical  laboratory: 

8th— 541 

Soaih  Atlantic  Ctanmand.  102-103 
Medical  ugk-ers,  inatnactloa  for.  48-50 
Medical  sanitary  com  pa  a  lea,  440  441, 430k 

485.480 

la  South  Pacific  Aren.  447 
Medical  war  planning,  in  Bataan,  490-000 
Mediterranean,  312;  315,  318 

lainnda  of: 

malaria  control  in,  249*12 
dev  ale*  Coenlca  ;  Ranlinia :  Rlcily. 
Mediterranean  Air  Transport  Command.  280 
Medltenaaraa  Air  Transport  Service,  327th 
Ferry  lag  Rgtmdroa,  273 
Mcdlterraaeaa  ABM  Air  IWre.  385 
Medliarranian  theater,  39, 30, 209 
airplane  dastlag  aad  spraying  ihlmhmeat 
in,  373-273 

airpiaae  la  rriridlag  la.  281-289 
AaopAeies  hi^reeWer  itimarBer  ia,  2M^ 
279 

aaapheUass  la,  279 
aattamiaria  activities  la,  270-399 
aatlmalaria  avgnalaatkm  la,  2M-210 
antlnularia  poiiey  la,  MB  275 
aatlaularia  nails  la,  279-273 
base  aerilsaa  la.  2S3 
malaria  experiearv  in,  201-2M 
court  naiona  regarding,  M9 
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JlctliU  rruuean  t boater— Continued 
nialnrla  exiterience  Cimtlnned 
in  1044— 204-2H3 
In  11145— 205-200 

inn  In  r  In  in.  ffrr  Morbidity  ilnln,  malaria ; 
Malaria,  rnte*. 

military  development  In,  SiO-iai 

research  In.  21*7  208 

irarvey  act  I  vit  lett  In,  278-210 

training  in.  273-27* 

vector*  In.  238-201 

See  alio  North  African  t lien li-r. 

Melanesia.  310. 3.10 
Aunpfrlm  a«arfnfalN«  in.  32* 

Melaueslnn*.  414, 448, 401, 4*12. 44Et 
MrlhiMrnr.  314 
Mrtr  vKT.  Dr.  Ilmr  K.  11*3 
Kcmur,  Col.  C.  1 1..  3 
Mki.vi.n.  Capt.  Rot,  100 

Memorandum  No.  20,  lleaik|iuirterx.  Kynkyti 
Inland*  CihuiiuiihI.  I  June  1UI.V  480 
Mcnlnaa.  118 

Meparr  Inc  hydrochloride,  0 
Merauke,  521. 323,  327. 3.12.  3.10 
Merrill'*  Marauder*.  .141* 

Mesopotamia.  123 
lldaima  River.  400 
Methyl  chloride,  41 
Metnqnine.  180 
Mexico,  123. 120. 103.  lffl 
.lufplrlra  alkimrnnma  in.  127 
.lmrl(lt<|w  mlapmmUpciml*  in,  104 
Mirnrxra.  U.  t'Riiun  11.,  100 
Mieroaetda,  329 

Middle  Coat.  IS.  308.  304.  300.  107,  308,  848 
MiiVUa  Kaat  Service  Command.  80S 
Middle  Eaat  theater,  133 
Military  attendee  imtipetl  la  aatlmalarU 
wart.  440-430 
Military  arena: 

military  control  aetlvltlee: 

arennd,  SA  111 
within.  73-80 

MlUtary  devetepawat,  IUS  HI 
■t  Allied  ram  Deadpan  rtira.  290 
ehrnaelnalral  taMe  of  nperattoan  for,  la 
Booth  Paette  Area,  490 
la  Afrlra-Mlddla  Eaat  theater,  304-310 
la  Air  Force  Installations,  233 
la  bane  aectkma,  251 
la  Mediterranean  theater,  232-233 
la  North  African  theater,  230 
la  Byakya  Manila  Command.  473-47S 
la  Booth  Partdr  Area,  494-499 


iiiIxmIiiii.  In  South  I'ucltlc  Aren.  4<H  4t*3 
o|icriitionx.  232  271 

Sertlie  nf  Supply  nml  t  'ntiiiiiunlriit  Inn* 
Zone.  NATOI  HA.  230 

Military  government,  American.  480, 4*2.  481, 
404 

Military  lilsinr.v.  f  liinn-Uurnin-lndln  tlicn- 
Iit.  117  130 

Military  inniarlii  |iml>li'in*.  solving  nf.  H 
Military  iiit4.lllxalii.il  lu  |*>icnl  tally  innlnrl 
nil*  arvu*  nf  the  Culled  State*,  111  02 
Mtlttury  iMvutmtlnii,  I'firt  nf,  nn  nmhirla 
i*itentluiitie*.  130-137 
Military  operations : 

effect  of,  niton  epldentlnhaty  nf  inniarla, 
3,  3 

la  Bataan,  300-301 
Milne  Bay,  2  322,  32\  34M,  37* 

Mindanao,  300,  320 
Minima,  522 

Mite-hnnie  typhus,  41*,  447,  474 
Her  imImq  T*utsinsinll»hl  ill*ea*e. 

Mllea: 
larval,  30 
tromMcullil.  472 

Mnenau,  210 
Mot  nova*.  330 

.iMtdth-a  faraali  la,  327 
Mnatrao  Bay.  2110 

Mnrtteviden.  118 

Montserrat,  212,  212 
Moure  General  llo*|dtal.  HI 
Morale  Service*  Division,  ASF.  51 
Mortddlty  dau  far— 
malaria,  243 

ia  Ant  law,  208,  204 
la  Brttm,  143-140, 147, 149 
in  Brasil  iron?*,  140 
la  Barma,  330 
la  Canto  Bka.  190. 190 
la  Dominica,  213 
la  Grenada.  212 
la  Hantaru,  199 
ia  Italy,  398 

la  Mediterranean  theater,  391,  39&  301 
393,  399 

In  Xiraracw.  190 
la  Parrto  Kim,  218,  219 
In  Booth  Atlantic  Command.  144-143 
la  South  fact *c  Area,  4H0 
la  Trinidad  Sector,  223 
Mornbe,  317,  321 

Mxruhc  District,  m*eale  index  In.  317 


Moron-').  252.  2x1.  255,  sat,  ata,  2*0.  axi 
Moron,  ail 

Morola)  IsIuimI.  nlr|>lnne  *|>riiyili|£  o f  HUT 
In.  54H-54U 
Murtiillty : 
iiinlarla,  a 

cerebral.  In  Antilles  lH-iuirtniciil.  225 

due  lo  .\nt>pk'  h'M  iw mbine,  132 

line  to  /o/i-rfo'i-HM.  225 

in  Antiicua.  an.  an 

In  Brazil,  132,  Ids 

hi  British  Oilhiita.  an 

In  Brillsh  Honduras,  I'Bt 

In  Ivunlnlca,  aia 

In  Kcuador,  ITS 

in  )'lll|i|iino-AiiH'rli'iiii  prisoners  of  trnr. 
510 

in  Urvnaila.  aia 
In  India,  3511 
In  Jamaica,  311,  ail 

In  JainUM-m*  iriaitM  In  tiinnlak-aniil.  Oil 

in  Montserrat,  213 

la  Panama  I 'anal  Ih-imilnimt.  ITU 

In  I'ernaiuliaro,  ISH 

In  l‘nrrto  Rlro.  2111 

In  Halm  Inn-la,  an 

in  Koathwcst  rad IV-  Arm.  57* 

in  Trinidad  On-tor.  235 

in  I’nltnl  Wales,  H3-0B 

rule: 

In  rlTlIian  rrfmtres,  50it 
,  In  Coot  a  Kira,  171 
In  Cuba,  im 
In  Italy.  38* 

In  Japanese  Mt  frlam-w  of  war,  51  ft 
la  Panto  Kim,  213 
rate.  la  Japanese  B  earrphallt  I*.  OM 
Mnaqailnbnrae  diseases.  10.  44,  40.  -MCI.  53* 
rrptHmU  In,  407 
ralne  of  bed  nets  la,  408 
Maapalloteal : 
admit,  inn,  342 

mat  ml  i<  la  Boutbweat  I’acilr  Arm. 
BMB 

dcatroctlon  of,  180 
Index.  215 
klUluo  of.  2*0  301 
bora,  121.  MO.  Ml,  230,221 
Monomk-a,  IS 
bonds',  405 

breeding.  effect  of  military  activity  on. 
.304-300 

Cult*.  gee  Cates. 


dniKin-  i-urryiiiK.  441 
dissections  of,  3SII,  532 
turvn.  M«  Ijirrn(r). 
liKHlIi-nlly  llli|M>rt Jill.  In  SoiiIIiwi-hI  I'hi-IIIl- 
Arm,  527-5311 
not*.  144 

rr|a-lli-nl  s.  Kri-  Ki-|a-lli-nls. 
lril|>H.  See  TrM|>s. 
vectors.  12:1.  lai  i:u> 

distribution  of,  In  iH-otroiili-al  rctdoii.  135 
In  Okinawa,  4 ho  4*2 
In  Mouth  l‘io-ilh-  A  (rtf,  417  4a> 

In  Zone  of  liin-rlor.  To  73 
See  flint  Malaria  mlnrt;  Vectors. 
MowiiilloproolliiK.  3X1 

an  malaria  control  iiH-tloal.  121.  1441,  151. 
11*1,  ltll,  M2, 17V.  2*1,  242 
In  I'hlna-Bnnna-Indla  thratrr,  3X1  302 
Itl  South  Atlantic  t 'oniuuind,  144 
siMiMlanltf,  215 
\loHM>r<i  Valk-y,  132 
Motoiill  IVnlnsula,  4711,  4X1 
Mount  Haltd.  408 
Mount  CoiiontfiUMsIa,  4IRI 
Mount  Talnrcmasana,  4*ttl 
Mouse  brain  Tacrine,  In  Japanese  II  rise|>ha- 
111  In.  4115 

MT1  >|1H A.  See  Mcdllerrancau  theater. 

MI’l  I .KK.  I#AC1,  K 
-Wsisn,"  473 

Mumla.  415,  427,  42*,  447,  4H3, 573 
malaria  In,  4t*i 
Mara.  522 
Myaore  Male,  XU  I 

Nadaah,  34*.  550 

Naolk,  Id.  fill.  Jonreil,  140 

Nayo,  malaria  la.  4*3 

Naha.  475.  477 

rainfall  In,  47* 

Nakacneaka  Bay,  477 
NaliaaMa  JUrer.  4«K.4C2.4«5 
NAMK1.  gee  Sara  I  Medical  Rrararch 
Call. 

Naples,  232,  253,  SKI,  3*5,  ZTC,  2TH,  .’M. 

2M1.2MI.am 

typbaa  mat  ml  In,  II 

Natal.  122.  13V.  130.  142.  143,  144,  14V.  155, 
157,  Ml.  104,  3f*» 

dlm-orery  of  .4  aopbrfrs  fmmhinr  la,  131 
health  measures  In.  1411-152 
matarln  la.  14M-150 
epidemic  of.  131 
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National  Defense  Act,  4!r.t 
National  Defense  Malaria  Control  Activities, 
S7 

National  Defense  Itesearrli  Connnttlte, 
nsitl*.  to 

National  Institute  of  Health.  Kl 
National  Malaria  Krndleatlnn  frogt-nm,  H4, 

In.* 

National  Research  Council,  10,  .10.  Xi,  tin. 

imi,  aw 

Coufereme  on  lnwitlrhlni  un<l  Repel¬ 
lents,  12 

rooftcratlun  with,  3.1 .11 
Division  of  Chemistry  ami  Teehnnlogy,  ;I0 
Hulas  >niml  tin-  <hi  Trvpleni  Diseases  of,  31, 
31.  37.  48 

National  Youth  Administration,  1M 
Natural  Inaturallstlc)  control: 

Oambxtia  In,  of  alM^ttdlncx,  Mil 

In  Cfelna-nuraia-India  I  healer,  3X7 
la  Xcw  Unlnca.  5.70-551 
Naral  Conatractlon  Battalions.  Hit.  1,70. 
452. 1*41 

Naral  Mis] teal  Research  l'nll.  CO  173.  171. 
488 

Naral  Medical  Hr  bool.  +72 
MalarloloRj  Reboot  of.  4311 
Nary,  40,  48.  30,  50 
Nary  Dftartanrt,  430 

■Vntnw : 

bonk,  carrier  rate  a  moon.  211 
Imm  unity  of.  In  rmrt  tinlnrn.  211 
In  Carlbbma  arm,  malaria  In.  300 
racial  Immunity  to  malaria  in.  M 
troot*.  loxlr  reaction  of  Ala  brine  In.  20,7 
NrnrM  that  Imrllritb,  8 
Neotropical  aaopbcHncs.  napmni|ililr  ertv- 
trra  of,  lU 
Nmtraylal  nfha: 

-4nip>  pin  tOinnan  In.  127-128 
iMfMn  (faunNa  In.  120 
laipldri  crucians  In.  133 
iaapMn  ernti  In,  133 
Anaptrlri  erawl  In,  133 
Aaapieirs  gmUtwnl  In.  133 
4aip>rln  ianio-*»wri  OihiMw  In,  133 
inapbrlrs  psradnpanrflpcnaia  In,  133-134 
iMflrln  pwrllnnnli  In,  134 
■laopbrlea  Irinaaaiafua  In,  133 
nut  la  Ha  control  In.  105 
nularia  rceton  In.  120-138 
ii  r  Hilary,  133-133 
Patagonian  renter  of,  134 


Netherlands.  100 
Netherlands  Antilles.  11.1 
Netherlands  Kuil  lie  lies,  11,  .7111 
epidemic  of  malaria  In,  530 
1‘nbllc  Health  Herviee  of, 523 
Xetlicrhinds  luilles,  .Vttl 
nee  atm  Indonesia. 

Xcllterinnds  New  U nines.  522,  52.7,  552.  540 
.1  sop/tcics  hutterefU  |n,  527 
x|i!enlc  Indices  In  nutlves  of,  521 
Netherlands  West  Italics,  202 
Nets  and  clothing,  In  Southwest  Pacific  Area, 
543 

Neurosis.  572 

Neon  U  nifdc  Vims  Disease  Commission, 
Anuy  Ktiideiulnlogh-al  It, Mini,  38 
New  Itrltaln.  51 M,  .720 
inaturla  rate  In,  In  Jaiaraese  lriKipa,  434 
New  Caledonia,  4.  4415.  44)0.  431.  441,  453, 454, 
530 

dengue  In.  473 

New  tieorala.  4tr>.  432, 441.  573 
malaria  In,  «M 

New  I  leorgln  enniinln,  431, 432.  405 
New  t  os >rxia  linoi|i.  415, 427-428 
malaria  control  In,  428 
malaria  rale  In,  428 

New  Unlnca.  8,  35.  30.  4tM.  .714.  521.  528,  52». 
530,  .731,  532,  .730.  .744.  548.  585,  507,  .71*1, 
573 

iMflrln  pnaefslc  fan  ln.54B.55A 
ant  I  atalaria  arbnnt  In,  SOS 
falHparam  nularia  in.  517 
malaria  In.  510 
rann*  if.  517  510 
rale,  514-515, 530 

aatnral  (nalarallatic)  mnlrol  In,  000-551 
rale  batman  i  la.  570 
physiography.  515-517 
flnnillu  cira#  Infections  la.  10 
%uartaa  aularl  In.  517 
apleen  Index  la.  517 
apleea  rate  In,  S17 
riftt  Malaria  in,  517 
Nrw  HcbrMn.  405, 400, 414. 320,  S» 
■4aap*rlr»  faraati  la,  474. 027 
Oyacatcry  la.  414 
general  considerations  of,  8Ki-t04 
booh  worm  In.  414 
local  laifMilalbu  <>f.  414 
aulatia  control  In,  3Ut44tw 
nularia  In,  414 
lat-Mewr  of,  400 
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teiuierature  in,  4H 
tubercnloKl*  In,  414 
yaw*  In,  414 
New  Ireland.  oil),  521 
fatniparum  malaria  111,  521 
rivmr  malnrla  In,  52 1 
New  Orica iik  Tort  of  Kiillmrlcatlnu.  14,‘l 
New  Hi  ill  III  W  n  lex,  532 
New  World.  113,  13l>.  132 
New  Zealand.  -HU,  405.  428,  431.  432.  453 
Nk-anntuu,  1*11,  134,  170-171,  ItB.  105,  1IM, 
237,  240 

Afopkrlr*  alhimnmnii  in.  105.  170 
Amophrh’M  aq*a** lit  In,  170 
Amujfkrh  jt  In,  170 

Aaophtlr*  p«rNf  opu*ff  IpcNHl*  In,  170 
malaria  epidemic-  In,  11*1 
Nicer.  312 

Nixerla.  133.  304.  300.  312.  320  321.  .Till,  340 
Aonpkrlrt  mimrhiH  nifvrit  ■*»/«  In.  312 
Nile,  313,  315,  334 
Nile  Delia.  300,  318 
malaria  In,  322 
Nile  Va Hey,  malaria  In,  318 
Nimitb,  Adm.  Chhtu  W„  404 
NlalK  Army  Air  Fone,  SIM 
North  Africa,  8,  13,  22.  138,  233.  235.  238, 
380,  307,  321 

gametocyte  reaervnira  In.  24U 
malaria  eoatrul  In,  240-302 
North  Africa  Herr  lee  Cnauaand.  307.  3011 
North  Africa  a  campaign,  57 
North  African  theater,  21, 240,  230  252 
Air  force  laatallathias  la,  233 
airplane  larrleMlnc  la,  X1-» 

Am aphelea  MraartlM  la,  240,  258 
aaopfeeHnea  la.  27V 
anttaaalaria  actleMlea  la,  275-JOD 
aatlmalaria  organlnathm  la,  2414 
antimalaria  policy  la,  300-275 
aatlmalaria  aalta  la,  272,  273 
area  characteriatica  nf,  231,  233 
haae  aertlnaa  In,  253 
control  act  Iritie*  In,  289-207 
nat  of,  280 

■ametoeyte  merroln  In,  340 
geography  of,  253 
headquarter*  unit,  272 
laaert-proodag  in,  292 
malaria  In: 
attack  rate*  nf.  249 
experience  In,  201-2(5 
■arhldlty  from,  240 


45*25 


tranxnilNKlimof,  In  relation  tu  climate  In, 
253 

mllltury  ilcvelnpuicut  In.  250-2*1 
l«)llcy  ih-rclnpuiciit  In,  270 
Service  nf  Supply  and  CominUlileiillniiM 
Zone,  250 
xn|>|itlcK  In,  270 
xurrey  aelivillea  In,  278-270 
tmlnliiK  In,  275 
vector*  In,  258-  2111 

See  *l*o  Mcditcrruoemi  theater:  North 
Africa. 

North  African  Win*.  .Ill) 

North  lOmna,  IWJ 
North  f'lmnt,  520 
North  KIiikmIiiii.  200 
North  I.niott  Force,  500 
Northern  Africa,  319 

Northern  t’ombat  Area  Command.  370,  383 
malaria  In,  394 

Northern  IHatrlcl.  I*aiuuia  Canal  Zone.  172 
Northern  Territory,  514,  532, 530 
Nwnwn.  408 
Nnero  I'bagre*.  180 

Nutritional  edema,  la  Japaacw-behl  iNriwMi- 
er*  of  war,  511 

Q4ii  r  of  Coordinator  nf  I  aier- American  Af¬ 
fair*.  UB,  104. 244, 245 
Dir  Inina  of  Health  and  Sanitation  of.  184. 
171 

O40ce  of  Malaria  Control  In  War  Area*,  74, 
87 

CMk-e  of  Hcleatl0r  Beoenrch  aad  Develop 
meat,  34,  37,  40. 189, 1112 
Committee  na  Medical  Itaearfh,  101 
lancet  Control  Committer,  48 
Nat  Haul  Drfeaae  Beaean-h  Committee,  45 
O0n  of  the  Air  HarpeoO,  230 
O40re  of  the  Chief  Hrotlh  (M0ref,  Panama 
Canal,  Sanitary  DtvHdoa  of,  174 
04011.  of  the  Chief  nf  Engineera,  I'.K.  Army, 
13 

lancet  and  Bodrat  Control  Section,  70 
Bepalr*  aad  Villi  tie*  Divlaioa,  78 
O40ce  of  the  Chief  Saiyeoa.  V SAFI  SPA.  430 
O40ce  nf  the  tpiariermaater  Cleaeral,  30 
IHBrc  of  the  Sameun: 

Aatllle*  Department,  210 
NATDI'HA.  271 

l*aaama  Canal  Department,  184 
U.S.  Army  Fort  South  Allautlc,  148 
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Oflkt*  of  Tlie  Surgeon  General,  31,  43,  55,  50, 
83.  88,  178.  185,  198,  333,  334,  .HJU,  537, 
538 

Epidemiology  Brunch,  Tropical  Disease 
Control  Section.  13.  13,  lti,  18,  33,  33 
Epidemiology  Division,  11 
Medical  Consultants  Division, 40 
■Mans  and  Operations  Division,  lti,  18 
Preventive  Medicine  Service,  1.  11,  13,  30. 
34.  40,  57,  40 

Laboratory  Division.  18.  22 
Sanitary  Engineering  Division  13, 18, 23, 
78 

Subdivision  on  Medical  Intelligence  and 
Tropical  Medicine,  11 
Training  Division,  22,  23, 24 
Tropical  Disease  Control  Division,  12 
IS.  31,  34,  49 

Preventive  Medicine  Subdivision,  78 
subordinate  elements  of,  organised  for 
malaria  control,  11-12 
Ooae*.  Lt.  Col.  David  A.  D„  223-221 
Ohio  Stale  University.  284 
Oils,  aa  iarvleidea,  201 
Okinawa.  21. 3Mk  481,  475,  478 

airplane  spraying  activities  in,  487,  400 
Anopkrtrt  ainrMaia  In,  488-482,  484 
seen  characteristics  of,  478-177 
climatic  features,  477-470 
Calc#  faiafae/aaetafaa  in,  484 
dengneiike  disease  In,  4M 
■lariasis  in.  493-184 

Insect-borne  disco acs  In,  399-400,  474—405 
Japaacar  B  encephalitis  In,  484,  484 
malaria  control  in,  474-495 

malaria  experience  in,  483-4S5 

malaria  In,  4M 

mosquito  rectors  in,  480-482 
native  popalatioa  of,  479-MO 
aorthe:  antladalt  operations  la,  401-492 
grown  tire  medicine  program  for,  488 
Okinawa  campaign,  488 
OM  load,  >04 
Omax,  Cape  Pin.  W„  4*7 
Oadoago,  483 
Oocysts,  130,  308, 357,  527 
in  anopbeiinc  stomach,  125 
rate,  321,  322, 558 
Operational  Directives: 

No.  4A.  Headquarters,  Tenth  Army,  <  May 
1845  1X5 

No  7,  Headqaartera,  lyukju  Islands  Com¬ 
mand,  14  May  1945— t8> 


O|icnil!oli*  Division.  lVur  De|inrtiiienl  Gen¬ 
eral  Staff,  18, 19 
Omcitbessu  liny.  2IIU 
Oriin,  250.  253,  278.  280 
Orhcteilo,  204 
Ordnance  Corps,  2:17 
Dnrnnlxailon  for  lmiliirlii  control.  12  .'Hi 
autlmalaria  delnlls,  24-28 
iu  t la-  <  )tBcc  of  The  Surinam  General.  11-12 
in  Zone  of  Interior,  12-13 
*|>ectal  |>ers»nnel  nod  units,  21-  22 
training  of — 

malaria  survey  uud  control  units,  24 
tnnlnriologlsts,  22  21 

Ucc  also  Control  of  nminriu,  orguulxatlon 
for. 

Orient. 530 
Oriental  region,  538 
Orlente,  190 
Orlando  Air  llase.  188 
Ortambt  Lalsiratory,  39,  43,  47,  87,  83,  547 
Oro  Bay.  52H,  530, 531  577 
Outbreaks  of— 
dengue  473 

•lariasis.  In  Soman  area,  473 
Japanese  B  encephalitis.  475,  4*4.  4s* 
malaria,  154-155,  434,  488 
in  Ibura  Field,  154-155 
la  Jamaica,  201 
la  Vencnueia.  288 
tsotsugamushl  disease,  474 
Owl  Island,  548,  550 
airplane  appUcathm  of  DIIT  In,  548 

Pacific,  30, 24, 39. 40,55, 170 
ParlSr  Ocean,  47* 

Pacific  Oceania,  530 
Ar4e»  kocki  In,  529 
Pakistan,  322 

Palaearrtie  Keghia.  area  characteristics  of, 
312-313 

Palermo,  233, 2*3, 270 
Paleatlae,  3*4, 312, 31*.  321, 323, 323 
.4  aaphcfca  ebrifer  U/wwin  In,  310 
A  aopArfo  aaeharorl  la,  323 
Anophrfc*  trrtcnti  In,  323 
amlarla  In.  318 

PUtmoJium  fmMpmntm  in,  31 8 
Plsaaiodiam  Index  In,  318 
nitaaflan  mmlmrimr  In,  318 
PHtmoAiam  vies#  in,  318 
s|4cen  Index  In,  318 
Palo.  377 
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PaiudrlDe,  8 

Patnattulne  naiihthoate,  7 
toxicity  of,  19*2 

See  also  I’lasinorfaln  naphthoate. 

Panama,  11,  22,  23,  35,  38,  43,  44,  126,  134, 
167.  180,  IKK,  1U2,  103,  105.  196.  235,  237. 
240, 513 

airplane  application  of  DOT  In,  43 
Anoph clrt  atbim ono  In,  105 
.l»of •held  ofNOMfii  In,  120 
malaria  In,  11 

FlttmorliMM  falripmrum  In,  102 
PlatmoSitim  maltriae  In,  102 
PlatmoSi ttm  riru  In,  192 
h u rvey  w  In,  192 
Panama  Air  Depot,  237, 240 
Panama  Canal,  121, 100, 167, 188, 245 
Panama  Canal  Department,  24, 113, 123, 166, 
108-197,  296.  237,  23K 
Army  School  of  Maiarlology.  185-186 
Atlantic  Sector,  166 
conquest  of  malaria  In,  180-183 
experimental  work  under  military  aus- 
|dce*.  186-189 

Field  Sanitary  Force,  184-185 
malaria  control  In,  168-174, 176 
development  of,  174-183 
malaria  rate  In,  215, 238 

Sre  ilm  Malaria,  rate.  In  Panama  Canal 
Deportment. 

Pari 6c  Sector.  106 
problem*  of  1IM1  In,  173-176 
problem*  of  1942  In.  177-180 
Paaaaui  Canal  Departamat  Air  Force,  287 
Panama  Canal  Cone,  172-178 
Anopheles  alMatatuut  In,  173 
Fanaaaa  City,  188,180 
4*nnama  Coast  Artillery  Command.  175 
Panama  Mobile  Force,  175, 177,  178,  101 
Panama  Sector,  165 
Panama  Service  Area  Command,  237 
Panama  Bob  urban  District,  Panama  Canal 
lone,  172 

Faaamaalaa  Republic,  238 
Paa  American  Airway*.  308,  333 
Pan  American  Airway*- Africa,  Ltd.,  133 
Paa  American  Airways  System,  lac-  122 
Paa  American  Highway,  23.  169,  192-196 
administration  of,  196 
Anophelet  siNnsut  as  malaria  vector 
alone,  198 

malaria  la  personnel  alone.  166 


■oedlcul  liiHtiillnlloii*  along,  194 
I'.H.  Engineer  Office.  193 
Pan  Aiiierii-iin  Highway  Cianoil**lini,  1ST, 
Pan  American  Sanitary  Jlurcau,  171,  lift!, 
191,  244 
PdHrfaa**,  411 
Paoshan,  391 

Papua,  .119,  .122,  .130.  SPA  Ski 
hyi*>rcinlmilc  nialnriu  in.  319 
See  alto  D'Kutrccusteaux  Group;  Lonlai- 
ude* ;  Trol,  rin  ml  lain  ml  a. 

Para,  Brasil,  128 
Parfl  Hirer,  14.1 
Paraguay,  137 
Aao phrlv  albilnrsia  In,  105 
Parillbii,  malaria  in,  129 
Paramaribo,  210 
Paranam,  210 

Parasite  counts  at  Brasilian  alrpori*,  132 
Parasite  fre<iueac,v,  in  Mandated  Territory 
of  New  Guinea,  520-521 
Paraaite  Imlex,  338 
in  Bra  ail,  138 
in  Egy|>t,  318 
In  Jamaica,  200 
in  Liberia,  316 
la  Panama,  lie 
la  Puerto  Him,  2M) 

Parasite  rate,  298 
in  Braiil,  131 
in  Egypt,  318 
in  Guadalcanal,  415 
in  Liberia,  317 
in  Maiaita.  415 
in  Pnerio  Hleo,  219 
In  San  Cristobal,  415 
Parasite  surveys,  127 
In  A  axa  yd,  159 
In  British  Galana.  M 
In  Haiti,  266 
In  Liberia,  316-317 
Parasitemia: 

decree  of,  la  fmieiptrmm  casern  594 
malaria,  prevalence  of,  in  Ronth  Pari 6c 
Islands,  415 

Parasitological  Investigations,  la  Africa- 
Middle  East  theater,  338 
Parasitological  survey  activities,  la  South 
Pacific  Area.  454 
Parasitology,  279 

Paratyphoid  fever,  la  Japanese  troops,  574 
Parham  Harbour,  206 
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Pari*  green.  131.  1714.  200.  242.  243.  281,  343 
airplane  ai^rfinitiim  of,  14,  2:13,  24# 
aa  larvkkie,  08,  85.  flt*.  147,  1IB,  220,  221, 
242 

in  44(5' pt.  333 

in  Mediterranean  theater,  281-2*9 
in  8outh  Pacific  Area,  43(4 
PanKtaao.x,  Brig.  Geonot,  It 
Parnntiiiriiii  Field,  Rraaii,  1414-132 
malaria  in,  131-132 
Patkai  Range,  H47 
Patue,  223 
Parnrn,  427 

PCD.  Set  Panama  Canal  Department. 
Pearl  Harbor,  121,  IAS.  304 
I  "win.  Miguel  IMatriet,  Panama  Canal  Tame. 
172 

Pellegra,  In  JaiMnear-heM  prlxonerx  of  war, 
311 

Perl|>lierH:  neuritla.  303 
Peraamburo: 

A  HO  thrift  ogaoMlk  In,  129 
mortality  due  to  malaria  in.  138 
Pendan  Golf,  31(4,  313.  318,  322.  323.  32# 
Amopheltt  tmekmrorl  la,  323 
ualurla  control  In,  343 
Pen.Ui  On"  Comma  ad.  .TW4-310,  333 
Perstai.  Cnlf  Herr  tee  Command.  394,  393. 
319 

Pereoaal  lentertlre  neaaaren.  In  8onthwe.it 
Ihrlh-  Area.  343-344 
See  Hlto  Protection,  penoaai. 

Perenaarl: 

aaaignaaent  of.  438-449 
odncatlonal  program  for,  451-434 
for  malaria  control,  142,  379,  43) 
for  malaria  control  nnwataatlona,  21-31 
Aw  malaria  cantrol  salt*.  443 
Air  aaalarta  and  Inarrt  control,  41  149 
procurement  of,  438  419 
training  of.  (MB.  38T 
Perth.  014,  SMS 
Perm,  39,  173-174,  3M 

jABM^dllllB  alklmmyia  |m  19J 

An optafco  darWagt  la.  M4-H0 
.IwfMra  pHrm4HpH»rilpr»mh  In,  Ml,  174, 

MS 

.laaptedra  pwweflmnmla  in,  349 
malaria  la,  174 
■nrreyx  in,  174 
lVntrian  tlurrmniol,  174 
Petfn,  188 


Petroleum  oil  ii k  tnrrlcl.ie,  2M 
i'iiiiii^.iiH1  Army,  ran,  ran 
l‘iilil|ipiiie  Army  Divixionx,  4134,  .UNI,  3tn 
l*hlll|ipine  Department.  499,  3M4 
Phili|iplne  14e|Mirtnient,  Medical  Duiqiljr  lie- 
lxit,  4i  w,  ran 

lblllppine  Divixion,  498,  509 
litllllipiiH!  Ilenith  tterrke,  Malaria  Control 
lHrlxli.li,  498 

I'hiiiHrfne  Inland*.  4I«),  3m,  310,  311,  313, 
323-320, 329.  332, 344,  377 
.4  miphe  let  jt/iyfxac  In,  320 
Amophelet  mtrtltltt  In,  328 
.1  maphelet  mttpptmut  In,  320,  328 
.1  mopk rlrt  minima*  Jhrinalrli  in,  497, 328 
climate  of.  323 

■eriNturratlou  in  irlnwra  if  wnr  In,  311 
aperies  of  anopfeeiine  moeqnltoex  rrcug- 
nlatxl  I..,  338 

Philippine  National  AxncmMjr,  499 
Pkllllttae  Hcoati,  309 
Phillndnr«.4. 11,37,31. 122.478 
fhh  holomtt,  378 
1‘khkolomtt  pmpmlHtU,  38 
n  rmpmilrt,  128 
Phytotoxk-  aprayx,  207 
IHedaile.  132, 133 
Iltot,  Lt.  CoL  Caaaus  L,  188 
Pilar,  301 

Pilar- Rugae  mad.  391 
Pita,  180 
Plnar  del  Sio,  li 
Pixtrm,  Kino,  15  U8 
PkaaMnn,  984 

PtoaterMrah,  333 
Plrnagl  Valley,  148 
Plan.  384, 278 
Htitm,  UK,  138 
Plague.  33,30 
tn  ■mnd.r,  173 

Plana  and  Operalkma  IHriakm,  09n  of  The 
Barmen  General,  18 
Plantations: 
cocoa  at,  417 

la  8 1  nth  PacMc  Aron,  419, 411 
Plants,  agnatic.  In  aitophellar  control,  128 
Plaanm  rnaicntralkaw,  of  A  ta  brine,  31,  388 
llaiamahin  naphthoate,  7.  428,  439;  331k  372 
donage  of.  394 
in  /Mripamm  malaria,  B58 
toxicity  of.  182 
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IlHxiiMidla,  1 

blood  OlniR  for  detection  of,  304, 311 
rU*mo1i*m,  2, 3.  0,  383,  386,  413 
lnfeclloo»ne«i>  of,  316 
*1  aides  iif : 

distribution  id.  413-416 
lu  South  I'arlfli-  surreys.  413 
In  troop*  in  South  Pacllic,  433 
rHmliio  uf  an*  to  limalriuv  <>(  itiainrhi 
and.  416 

t>l«-  uf.  in  Hiailhimi  Politic  Area,  31k 
Piatmogium  falciparum,  7.  60,  07,  13k.  322. 
331 

In  Amap4.  130 
In  Bataan.  301,  306 
In  Bougainville,  420 
in  British  Gnlana,  3D 
in  Brit  tub  We»l  Africa.  317 
!■  Cuba,  1W 
In  Egypt,  310 
In  Knilrau,  416 
In  Freoch  Gnlana.  211.  212 
In  French  Went  Africa.  316 
;  .  Guadalcanal,  420 
In  Haiti,  301 
In  Iran.  310 
In  Liberia.  316.  3,18 
In  147tb  Infantry,  431 
In  PaleMlne,  »8 
In  Panama,  182 
In  Bnaarll  Inland*.  4X7 
In  Solomon  lata mL,  213 
In  Mouth  Pact 6c  Area,  433 
la  Trinidad  Meet  or,  233 
In  Vauiauala.  266 

FtmammMmm  fmMpmram  Infect  Iona,  in  Near 
Gntnea,  38 

Flnatnadlmn  Index.  118 
Wraatadlaai  nwHnrbnr,  136 
art  I—  of  htahrlaa  qua  gamatatytaa  af. 
136 

dlatrtbnttoa  uf.  416 
la  Cuba.  18* 
la  Hmt.  318 

la  rraneb  Galana,  311,  313 
la  French  Wart  Africa,  818 
In  Haiti.  3M 
la  Iran,  318 
la  Libaria,  3M 
la  Paleatlae,  318 
la  Panama,  133 


In  Solomon  Islands,  413 
In  South  PucIHc  Area.  411 
In  Trinidad  Hector,  232 
In  Vrnranela,  30K 

PlanmiMiam  rlrajr,  1.  7,  IMMI7, 1.16, 148,  322. 
331 

action  of  Alithrlne  U|«m  gamctocyte*  of, 
136 

In  Itntann,  304 
In  Bongalnrllic,  42K 
In  British  (liiiiiiiu,  2tRl 
In  Cuba,  ]!g» 

In  Kgypt,  318 

In  French  Gnlanu,  211 

In  French  Went  Africa,  316 

In  Guadalcanal,  416,  428 

In  Haiti,  201 

In  Iran.  310 

in  Liberia,  316 

In  Okinawa.  484 

la  J47tb  Infantry,  431.  483 

in  Palestine,  318 

In  I'anama,  182 

In  Solomon  Inland*.  413 

In  South  I'a.tBc  Aren,  413,  433 

In  Vcoexncla.  206 

riraa  Infections,  138 
In  Xtw  Onlnea,  36 
Playa  de  Haaurao,  244 
Pneumonia.  280 
I*o  Hirer,  233,  387 
Po  Hirer  Valley,  363,  W,  281,  287 
Polynesia,  338 
Amapkctn  bmmrrttfll  In,  327 
Ponce,  943 
routine,  283 
Paatlnla,  383 
PopuUtlaula) : 

Arab,  aa  garnet oryte  renerrotrm,  348 

civilian.  get  tTrtllan  population. 

enUctae  larvae,  4S7 

Ay.  etlml nation  mt,  483 

In  Caribbean,  188 

larmn.  sampling  af ,  438 

laeal.  In— 

AMra-MMitte  Kart  theater,  318 
Cblna-Bnrma-lndla  theater,  838 

native: 

Immunity  In,  114 
la  Caribbean  area,  123-138 
of  Okinawa,  478-480 
amrrya  In,  137,  138 


In  Bara  Island,  418 
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Population  —Continued 
of  nnophellne*,  320 
control  of,  402 
lor  (lie  xnuilriilix.  4311,  437 
mind  Ion  In,  UK! 
sand  fly.  reduction  of,  4011 
rort  Health  Service,  104 
Port  Moresby,  310, 317,  3111.  381,  .VC! 

Port  of  Spain,  200,  224, 22U,  228,  233 
Port  of  San  Juno  210 
Port  Said  342 
Port  Sudan.  304 
Mer  Cor|n.  3N1 
Posters.  13s,  144,  220 
malaria  control,  27H 
Potrerilloo-Plto  Silo  Kind,  lot 
"Practical  Maiarkdogy."  243 
Pratt.  II.  D„  128 
Pruuwmblral,  327 
Praapres,  132, 133 

Precipitation,  effect  of,  him*  malnria  alixtrl- 
butbm,  HIS.  21» 

PreripItlB  test,  240 

la  Anopheles  pharorueis,  322 
Premonition,  114 

President  of  the  United  States,  304 
Preventive  measures,  permaui.  In  Africa- 
Middle  Hast  theater,  344-343 
PrerentlTn  medicine,  military  aaenctes  rn- 
*a*ed  la.  4MO  480 

Prereatlre  Medlrlae  Section.  Snnteoa's  Of- 
IV-e.  Ryakya  Islands  cmamand,  483,  488 
Prevent  ire  Medlrlae  Service,  Offre  of  The 
Sariteiia  General.  1,  11,  12.  Mk  34,  4ft,  47,  49 
Preventive  Medlrlae  Subdivision.  PTufenatou- 
al  Service  IMviahm,  Other  of  the  Sarin oa 
<loae(Bl,7< 

Prlasaealae,  7, 8 
Pbiiu.  Joan,  %  10 
Prlaiaam  of  war,  70,  MM 

BBflso-laivHa,  Impart  af  malaria  sa, 
310-311 

Italian,  as  gasmtacyia  carriers.  240 

JuMftMMhkflU.  Am  JlMIMfhWkl  mIm^ 

era  ff  war. 
malaria  la,  3T4 
amlarla  relapaaa  In,  911 
program  for,  37 
Progaaall,  7,8 
Propaganda: 

A ta brine,  la  Chlaa-Banaa-Iadla  theater, 
304 
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ill  Kynkya  IhIiiihIh  Cimiiimnd,  48!) 
lit  South  PmcMc  Aren.  4xJ) 
l’nitectiou,  |  tens  tun  I  .uitulnst  timiurlal  in¬ 
fect  Ions — 

Mediterranean  theater,  2W-2H4 
SontliM'est  Pui-lhe  Aren,  343-314 
Protective  eiolhlnc.  1811.  218,3112  TV! 

Held  tests  of,  Ml 
Psychoneurusls,  3<t4 
Psychosis : 
acute,  335 
At  shrine.  ,‘RW 

Public  Health  Service.  XellierliiiMlx  East  In¬ 
die*.  323 

Public  Health  Snh-Couiiulsaioti,  Allied  Con¬ 
trol  Commission,  Italy,  II 
Puerto  Harris*.  1«» 

Puerto  lai  Crus,  223 
Puerto  Kicaii  Department,  Kill,  237 
malaria  In,  217 
l*urrto  Rk-an  INstrh-l,  2M 
Pnrilo  Rican  Stator.  169.  Ion,  167 
derriopmeut  of  control  In,  218-223 
malaria  la,  222-223 
amlarla  imihlrma  la : 
at  selected  |msUs.  228-221 
la  1041-43-217-213 
amlarla  rate  In,  213 
mlscellaaroas  re|s>rta  for  1044—221-222 
PaeitoRleaa  troops,  relapses  in,  181 
Puerto  It  lean  Work  Projerts  A  dmlatnt  ration, 
243 

Puerto  Rico,  11. 88,  HO.  1«»,  101. 160,  liz  122, 
12k  168.  187.  107,  ami,  281-202.  204,  214, 
217. 21k  237.  2*4,240.  Ill 

■In spider  afMmmsa a  la,  380,  901,  210,  914 
antlasalaria  program  ta,  918, 943 
malaria  la,  106, 713. 219 
parasite  Index  In,  966 

part  Id  pa  thm  af  Malaria  OnM  la  War 
Arena  la,  241-244 
server  la,  218 

Pnevtn  Rkv  Stnlci  Area  Cuauaaad.  237 
Punjab.  333 
Pupa,  aunphtlhn.  498 
Pyrcthram,  0, 40, 88, 113, 1T4, 17*  J90 
ue  rands,  469 
spraying,  249 
la  Puerto  Rico.  218 
la  Booth  Pari  hr  Arm,  40, 429 
In  South weet  PaelBe  Arm.  908,  Hi 
P/ilmilkaailae,  7. 8 
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Pyiw«lf-2» — 1 77 
I’yrogenlc  disorders,  264 

gAl*  (iiulnlne-Atabrlne-Plasmochln)  conrae 
of  treatment  of  malaria,  371, 372 
Quarry  Heights.  C.Z.,  1(13,  £17.  2t8 
Quartan  malar  la.  (Hi,  264,  263, 266, 321 
In  Bataan,  364 
In  New  tlulnea.  317 

Quartrrnmster  Corjai,  13,  47,  78,  76.  3x3,  364 
Queensland,  Anopbrlri  tmlrlut  hllll  In,  327 
Qomm  City,  400 

Qulnarrlne  bydns-hlnrkle.  tier  A  la  brim-. 
Quinine.  32.  33,  UN.  137,  138, 102, 336,  400 
conservation  of,  31-32.33 
dosage  of.  30, 146,  421,  303,  501.  3116.  510 
In  nularta  therapy.  7 

prophylactic  urn-  of.  174.  170. 177, 213.  230. 
460.303 

shortage  of,  308, 307 
aqflln  of,  32, 33 
one  of,  la  lying  personnel,  204 
Quinine  discipline,  SOB 
Quinlan  prophylaxis.  348 
Quinlan  wpfimalrr  therapy,  330. 348 

Rabaal.  317, 518, 404 
fmMpmrum  Infect  Uses  la.  521 
malaria  nun  la.  la  Japanese  troops.  434 
seasonal  prevalence  of  malaria  attach*  la. 

on 

Rabaal  Laboratory,  320 
Ball  forrata,  la  Gaadalcanal.  412 
Balafall : 
alUtof,  upon 

saapheUae  arttettles.  188. 388 
aunQhrHue  product  toa,  413 
malaria  r|Hialilip,  487 
amtaria  lanuut,  178, 171. 388, 21* 
malaria  traaamiaafoa,  5M 
la  Xahn,  478 
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parasite.  the  Parasite  rate, 
aptsea.  the  Spleen  rate, 
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health  measure*  In,  152-137 
III  >1  la  rill  In,  15.7,  155, 15G 
survey  In.  153 
Red  Sea.  250.  315 
Rrdonda,  202 
Reed.  It.  W.  I  kme.,  76 
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In  fHletpurum  malaria.  433 
In  Puerto  RVan  iria^n,  INI 
In  rirmx  malaria,  433,  56N~5flO 
miliaria.  In  |>rl*otier»  of  war,  511 
RcihIovh  Island,  427,  42K 
Renee  River,  406 

Rr|Mlra  ami  I'llllty  l>lv'*|»n,  OBee  of  tLa 
Chief  of  Engineer*.  7,1 
Repellents.  37-30.  121,  144.  174.  in,  178, 
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la  Southwest  PaclBc  Area,  543-544 
Ineffectiveness  of,  against  A Mtypkrhs  /#- 
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studies  of,  at — 

Uorgaa  Mruarlai  Ijaboratnry,  38 
Orlaada  laboratory.  30 
use  of,  la  South  l*nelBe  Area,  4S7-48K 
Report  card,  malaria,  214 
Republic  of  Haiti,  Phamodlaas  Wear  la,  901 
Republic  of  Panama.  171-17%  178,  IMS.  18% 
1M,  238,  245 

AaspAefra  sfMetaas*  la.  171 
^1  eopArlr*  pusef  iswmis  la,  172 
aathaalaria  orgaafamtlaaa  la,  171 
malaria  la,  171-172 

Republic  of  Panama  Health  Department, 
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la  MedUerraaean  theater,  287-288 

u-u  au ma-U  w 

^VHa  lu*  Jw  MTatB 
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gametnryte.  la  North  African  thaalae,  MB 
of  latertlau,  mat  ire.  255-236 
of  malaria,  la  Hataaa.  486,  588 
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Resales,  228 
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in  China :  n»  of — 

|t|*T  ilnxlllii!  |mwdcr  In,  M 
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Sbnrl,  473,  477 
Sicilian  enui|NilKn,  203 
malaria  In.  1 
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Sores,  K.  0 

Sornng.  323 
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.4 nopArfe*  pamhMr  In,  32R 
Sonth  America.  3.  32.  113,  122. 123. 123,  128, 
130.  173,  300,  320 
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control  proaram  In : 
tlnai  reaulla  of,  37s 

Important  fact  ora  la  deretnpittg,  JO- 
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pomonal  protect  Ire  meaimre  In.  343-344 
reduction  In  ho«|iltalla«tloii  lu  malaria 
chhph  In.  .171-373 
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In  kjyinadimle  eaamnanlty.  313 
In  Maadaled  Territory  of  New  Oainea, 
31* 

in  Trvhcland  lataada.  333 


apace.  See  Spare  apraylag. 

Maateyrlllr,  SM.  SSI,  133 
luatlrtka.  Malaria,  IS 
dnrias  Mrtllaa  campaign,  MB 
far  1*41-43 — ltd-11* 

Morgan  llaapltal.  134 
la  Bewail,  la  elrUlana.  13* 
la  Central  America.  IIS 
In  Filipino  Amertcaa  prtaaaen  af  war,  310 
la  natlma  arenad  Iknra  field,  IB 
ta  Panaau  Canal  Department.  133-1*4, 
313 

In  Barrio  Rim,  333 
la  Heath  America,  113 
in  Naethwent  Port  hr  Arm,  17M 
la  Trinidad  Hector.  313 
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StatUth-n.  niMlurlM — Continued 
inrSAFHA.144.ltEI 
In  World  War  I.  w 
In  Zone  <>(  Interior,  ION  111 
before  World  War  II,  02-6H 
Srr  ef«»  Malaria.  rate;  Morbidity  ilatn; 

Mortality. 

Btaykx,  Mm j.  ISen.  MneainoN  C„  0, 10,7.  223 

Sternberg  General  Hospital,  4M),  Hll 
Bill  well  Road.  347. 33 2. 33d.  303 
tualMrla  nlm  along.  3(17 
iHimarh  i-onlrnlit  of  KDophellur*.  precipitin 
lento  on.  240 
flMMrfa  re/rifrane,  111 
8toxe.CoI.  William  H.,« 

HI  rail  of  Mt-mlna.  232 
Stnndtuarg,  H 
Stream  (  leaning,  in — 

Sofcaaoa  Inlands,  402 
Boom  Pad*-  Area.  401-402 
8nbr in— litre  oa  Coordination  of  Malarial 
■lad  lea,  31.  34 

Sab— Ittee  oa  Field  I’m  of  the  Anal 
Committee  for  Iaaert  aad  Bndeat  Con¬ 
trol,  40 

Subcommittee  oa  Tropical  Dtaeanes,  Xa- 
t  tonal  Rtararrfc  Coaarll,  31.  33,  37,  4K, 
33.30,  38 

Sahdl  vision  oa  Medical  latcilloeaca  aad 
Troptral  Medicine,  OMreaf  The  Sarormi 
I learn  1.  II 
Satan,  111.  321 
SaOnn  nata,  311 
Sana,  M3 
Sara  Canal.  SIS 
Sana  Canal  Poet  Cammanf,  SOS 
Sara  Canal  Xoae,  MS 
Satawmd.3as.aSS.3S3 


•fleets  of.  as  faMsoe—  malaria.  SB 

SoM  teats  af ,  ta  oear—  theaters.  SO 
ta  ^atetparam  tatmttaaa,  SB 
taafc-e4taetaaf.taladta.33 
Sclutak,  Cast.  William  X_  las 

ta  — tatta  central,  la  Mediterranean 
theater.  SIS 


:  central.  37-48 
ta  8»a«b  PartSr  Area.  448-441 
See  alee  Anthanlarta 


SupprexMlre  Irentnient: 

In  Afrlea-MIddle  Kiixl  theater.  3411 
In  couiImiI,  .334-333 
In  Southwest  Paellfc-  Aren,  333-302 
In  12th  Cavalry  Retcliiienl,  330 
In  32d  Infnniry  lilvUlon.  330-3111 
In  41m  Infantry  Itirlxlon.  3U2 
some  Nta-ellh-  Ntudlex  in,  33H-302 
Sir  also  Alabrlne,  therai>y,  xu|ipreMidve ; 
PUmnochin  tU|>hlhoalr;  Quinine. 
Burgeon — 

Advance  Kebelon.  I'HAFFK,  303 
Allied  Kone  Heaihiuarterx.  273 
Antilles  Detainment,  220 
Carllihean  Air  Fnte,  237 
Cariiibean  Defense  Comma nd.  107,  ISO, 
210 

Cealrnl  Part  Or  Area.  100 
Laant  Korre,  307,  311 
XATOU8A,  271 

Piaam  Canal  Department,  100.  174.  m 
Panama  Canal  Department  Air  IWe,  337 
Panama  Mobile  Force,  101 
Philippine  Departs— I,  300 
Phllippiae  Dtviakai.  4W 
Sixth  Air  Porte.  230 
III  Am|diiHna«  Corps,  Fleet  Marina 
Force.  40 
rSAFFK,  MS 
CoeregMor,  307 
C8AFI8PA.  440 

r.B.  Army  Fnetra  la  Liberia,  333 
Sarseoa  General.  The.  1.  13,  10.  IK.  22,  M. 
SZ.  IS.  34.  33.  IT.  41.  40.  33,  3M,  ITS  MB, 
toe.  100,  217.  300.  4SS.  3S7 
DDT  C— mltlee.  40,  47 
San— t  General.  U.8.  Pahifc  Health  Herr¬ 
in  81  87,  88 

BartaMHB,  3M-2I1,  227,  281,  SB,  337 


aaapheUaea  la,  211 
malaria  ta,  218 

rarer  la,  474 

tpHimlt,  211 
•ptoea  rata*  ta.  211 
Sarrey(a),  143  2S2.  340 
aetlrttlaa  la— 

Af  lira- Middle  Cast  tl— ter,  MS-SIS 
China  War— -India  theater,  3B3-3BS 
Medtterraaeaa  than ter,  278-27S 
Soath  Part  Sc  Area,  453  437 
blood  Sim.  244 
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Survey—  Continued 
IiIixkI,  III  I  run.  3I» 
by  blood  smear*.  170 
by  spleen  |Hil|uit  ion,  170 
data,  iniKwinitn,  III  Xmilli  l’ncilie  Area, 
33O-.730 

rplilemloingir,  UH.  214 
examination  of  IiIimhI  »uicnr*  in,  170.  270 
Aelil,  214 
In  llutaan,  41n 
In  llrltish  Onliiim,  2ln 
In  Cnnnl  Zone,  100-107 
In  Central  Amorim.  102 
la  children.  In  Arcni,  317 
In  Correghlor,  48H 
In  Kl  Salvador,  170 
In  Ouatlalrnnal,  nil 
In  Ilnltl.  201 
In  Nicaragua.  170 
In  Okinawa.  4X0 
In  IhdeHtine.  II1H 
In  Panama,  1!C 
In  Pern.  174 
In  children.  240 
In  Pnerto  Rleii,  21 X 
In  Recife,  1.73 

In  South  Faellle  Arm,  413-410 
In  Trinidad.  221 

malaria.  In  Kirlwlna  Island.  370 
aaorbldlly  and  cnnWalton  of,  238 
parasltuhigiml,  lu  South  ParlBc  Area,  434 
Plaamutdiam  apeclrx  In  Honth  Facile,  413 
rodent  and  Mm.  la  Kyoto,  370 
topographical.  100,  342 
Surrey  and  mural  nulla,  la  held,  la  South* 
went  1‘xitgc  Area.  311 
8urani|Mi,  108 

aa  haMtat  of  anofihHInea.  2101,  224 
mangrmr.  173,  »«.  233,  238,  242,  410 
Swerhaa  laminaria,  ,118 
Swltnerlaad.  8. 252 
Sydney,  314,  332 

Syria,  ianptdri  e4ar Iprr  M fmrtmlmt  la,  21U 

TaMra  of  organisation  and  egalpmcat.  ](, 

80-21 

Tanahmetah.  333. 327. 328 
epMemtr  aaalarla  la,  SOS 
Tsrapar4,113 
Tartar,  400 
Targalaia.  204 
Taamaala.  332 
Annphrlr*  naan Uprm  la,53S 


Tehernn  conference,  310 
Temperate  Zone,  1,7, 2311 
Tcni|>criitnrc(»)  : 
effect  of,  ii|mih — - 

develojaiient  of  fab i/mrum  inuliirin,  233 
niiMinito  production,  123, 218-210 
for  transmission  of  vicar  malaria,  233 
Tonurn  Ulver,  408, 402, 403 
Tennsserlni  Const,  330 
Tennessee  Valley  Aulloirlty,  23, 183 
Ilenllli  Mini  Sofety  Depurtnicut.CS 
Tent  City,  144, 130 
Tenth  Air  Hirer.  340 
Tenth  I’.S.  Army,  473, 480 
Terraelnu.  318 

Territorial  ilounl  of  Health,  1M> 

Tertian  Infeetlmis,  271* 

Tertian  malaria.  1:18,304 
ehlornqnlne  In.  ,‘Mt 
In  Virgin  Islands,  203 
malignant : 

In  Eighth  Air  Force.  147 
In  Nicaragua,  171 

Text  (a),  urinary  chemical,  to  Indicate  plas¬ 
ma  ctHM'enlrathn  of  Alahrlne,  300 
Thar  I  tesert,  351. 352 

Theater  directives,  la  South*- rat  Facile 
Arm.  537-138 
Thirteenth  Air  Ferre.  577 
Tibetan  highlands,  353 

Tide  gates,  la  drainage  ay  at  era,  137, 141, 135. 
228.221 
Timor,  536 
Tlrip  Hirer .  304 
T1  rtri.nl  Field,  100 
Tohago,  202, 3M 
malaria  In,  213 
Topographical  maps,  342 
Topography  and  mnlnria  product  ion.  IBS 
Torre  ltngglnre,  278 
Torrid  Zone.  123 
Totaqalne,  OM 
Taarmnrllle.  S14,  SM 
Training : 
a  Ida,  50-31 
lima,  MS 

antimnlaria.  In  Chi na-Barma- India  tha- 

ater,  384-383 

in  aatlaularia  activities,  In  Slrdlterra- 
nmn  thmtrr,  273-278 
la  Kynkyn  Islands  Comma  ml.  4X0 
In  Snath  Facile  Arm,  431-433 
of  malaria  aanrey  ami  rontml  nalta,  24 
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Training — Continued 
of  malurlologlst  officers  22-24 
troop.  In  mulariu  control,  ISO 
Tin  ua- Africa  Homl  Heconiialxsauce  Party, 
am 

Trans-latliniliin  Highway,  24.' 
Transportation,  In  South  l*aclUc  Area,  441 
TBAriuo,  l.t.  IlAaoi.it,  UNI,  11)1 
Trails,  OKKtqaito,  1111, 219, SU,  234,  242 
nnlniitblHiltcd.  200.  230 
for  determining  mio|i4>i4iiie ileustly, 200 
llrhl  130 

Treasury  Islands.  400.  403, 400. 4101, 410 
sphnomegitiy  rules  In,  417 
Trk-hloretliylene.  £41 

Trinidad,  121,  122.  i:u.  107,  202,  3M,  205- 
207.  225,  227,  2:10,  2TII.  2: 12.  235,  234,  237. 
238.20) 

.1  Mupkt  lt  Jt  nlbiinrnin  In.  105 
Amtphth*  •«« «mIIi  In,  129,  206,  207,  224. 
228 

.lHOft*t  f<  A  brllHhtr  in.  129,  20U,  207,  221. 
226.220 

lnojdfli't  scoMseMlipnlpa*  in,  2W.  207 
hhitvatn  fever  In.  200 
'Ics-rlpi  ion  of.  203-2)41 
malaria  la.  11M.  215. 224 
hromrllad.  206 
morbidity  of.  213 
mortality  of,  213. 224 
rate.  313 

spleen  rate*  In.  207 

Trinidad  IUae  I'om aiand.  166, 227, 237 
Trinidad  District.  233-230 
Trinidad  Hector,  163, 166, 167,223-229 
conet  met  kin  period  la,  233-324 
laboratory,  323 
malaria  in.  206. 313 
brnmellad.  306 

In  military  personnel,  1041  -45 — 223-227 
morbidity  of,  224-22S 
rale  In,  213 

malaria  control  la,  223-29 
at  baam  nader  haptena  leaae,  227-330 
Pfocmadiam  falei pnrnm  la,  ms 
Pfeamadinm  etaleWae  In,  233 
iplcea  ratea  In,  307 
riiar  malaria  la,  332 

Trialdad  Sector  and  Barn  Ctauaiand,  158, 
225 

Trinidad  Service  Area  Command,  237 
Tutrlaad  Ielanda.  531 
malaria  In,  510,  532 
Tram Men! Id  miles,  472 


Trt»],  Carrier  Squadron: 
nth  — 4k7 
310th— #87 

Troop  unit  mitlnmlurln  orguuiznllon,  4411 
Troops: 
returning: 

]tro«run>  for.  57 

s| s*clii I  medical  processing  for,  58 
training  In  ninlnrlii  wttlrol,  50 
Triqdio*olli*s,  .'CIS 
Tro|)lc  of  CniK-er,  123 
Trople  of  Cnpri<-»ri>,  1211 
Tropical  dlscnse)*),  5)1,  5(1,  138,  195,  247,  514 
ctmtroi  of,  11,  2:1,  49.  50 
unit  for.  11,  33,  50.  55 
precstit Ions  ngniust  Inlmrinctluii  of,  55-50 
it Mqii-rnl Ion  with  L'.S.  Public  Ucullb 
Service.  57 
general  imlh-lea,  56 

isnstruni  for  rrtnmlug  soldiers  ami 
prisoners  of  war.  57 
prevenllve  mraaurcti,  51 
Trtqdenl  1  tinea mc  Cimlml  I H vision,  I'reven- 
llve  Medicine  Servin'.  IHIlv  of  The  Bnr- 
geon  General.  12.  15,  31,  34,  40 
Tropical  IHseaae  Control  Sei-tlon,  E|ddemb 
idogh-al  Branch.  Office  of  The  Surgeon 
General.  12,  13,  16,  18.  22 
Tropical  medicine,  48,  194-195.  439 
TiypamaaMnlaitlM,  50.  336 
Tsutsngamitshl  disease.  In  lloinmlnrllle,  474 
Hrr  a Im  Mile-home  ly|ibna;  Scrub  typhn* 
TnberrnloalM  In — 

New  Hebrides.  414 
Monm  Inlands.  415 
Tnenmna.  134 

Talagi,  494,  465,  406,  411,  455 
Talagi-Florida  Islands,  405,  466 
aatlmalarta  saiipiies  la,  437 
dengue  In.  473 
malaria  In,  400 
ratea  In,  427 
Tumci.tt,  P.  8.,  43* 

Tunisia,  253.  253,  255,  260,  382,  281,  397 
Tnrfcestaa,  31* 

Tnritejr,  253 

Turks  Islands,  312 

Tartle  Bay,  407 

Tween  69 — 549 

Twelfth  Air  Force,  30 

Twentieth  Air  Force,  349,  350 

flklt  eapn rM/eh*.  138 

Typhoid  fever,  la  Japanese  troops.  574 
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COMMUXICAItLE  DISEASES 


U.S.  Public  Health  Service — Continued 
Typhnx,  28 
control,  297 
epidemic,  200 
In  Ecuador,  173 
uite-lxirne,  43H,  447 
Typhus  conlrut.  In  Xaidr*.  9 

I ’gun min,  3(8).  321 
Union  of  South  Africa.  313 
Unit  Training  Center.  Camp  1‘lnm-he,  35 
United  Fruit  Comimny,  171 
United  Kingdom,  .7,  7,  lo 
U.8.  Army  Force*.  Far  East,  .703,  33N,  3W, 
.340.  341.  377 

U.H.  Army  Forces  in  Central  Africa,  13,  S05, 
.100. 327. 340 

U.S.  Army  Fureen  In  Chlna-Hiinna-lndia,  13 
U.8.  Army  Fonm  In  Liberia.  .103.  .101).  333 
U.H.  Army  Force*  In  the  Kiddie  East.  13. 
304.  300,  300,  307,  300,  310,  333 
Services  of  8u|>pty,  310 
U.8.  Army  Force*  in  the  South  FaciOc  Aren. 

1.7.  434 

malaria  contntl  In.  3MI-474 
U.H.  Army  Forvee,  South  Atlantic.  130,  142. 
143,  1.74,  1.73,  1.30.  138,  102,  103,  104 
Medical  Section,  140 

U.8.  Army  around  Forvee  In  the  Middle 
Enel.  3IH 

U.8.  Army  Middle  Rant  Air  Force.  304 
U.H.  Army.  Service*  of  Supply,  TBS,  341.  377 
U  S.  Congress,  ISO,  244 
U.S.  Department  of  Agriculture,  10,  22.  37. 
4%  42,  43,  48,  47.  188,  220,  433 
Bareuu  of  Entomology  and  Plant  Quaran¬ 
tine,  .17,  47,  07,  111,  191 
Mlaceilaneoua  Publication  No.  000,  Angnat 
1940—121 

Orlando  Laboratory.  83 
U.H.  Engineer  Department,  130,  MS,  223 
U.H.  Engineer  Department  llmplul,  Trial- 
dad  District.  108 

U.S.  Fund  and  Drug  Administration,  38 
U.S.  Military  Iranian  Xiasfcm,  389, 3M 
(7.8.  Military  North  Afriraa  Mission,  394 
U.B.  Nary.  130,  130  101,  103 
United  State*.  Her  alas  lone  of  Interior. 
United  State*  of  Ameriea  Typhaa  Commie- 
atom  30 

U.8.  Public  Health  Sere  ice.  10, 12, 13  25,  24. 

4.7,  40,  .70,  57,  07.  74.  78,  70  84.  87,  88, 
80,  94.  1«0  113.  210,  218,  221,  223.  230 
374,373,377,337 


Hurt-nit  of  Stale  Service*.  *».  243 
Division  of  State*  Relation*,  88,  243 
Malaria  Control  in  lVar  Arena.  See  Ma¬ 
laria  Control  lu  War  Aren*. 

U.H.  Public  Health  Service  Medical  Cum¬ 
in  I**  Ion,  373. 

Upper  Dlgoei.  .720 
Upper  Nile  Province.  322 
Urlin*.  201 
Urttgiuty.  1211 

U8AFFE.  Hit  U.S.  Army  Force*.  Far  EaaL 
USA  FI  ME.  Nn-  IS.  Army  Fone*  in  the 
MU  Idle  Enrtt. 

1 ‘SAFI SPA.  See  U.S.  Army  Forces  In  the 
Smith  Unci  tic. 

UBAF8.V.  See  U.S  Army  Force*,  South  At¬ 
lantic. 

U8.\84)8.  See  I’.S.  Army,  Service*  of  Sup¬ 
ply. 

l'aiaoEK,  Dr.  Rouket  L.,  ItlO 
U.S.8.R.,  310 
Ufricalsris,  128 

Vaccine.  nxnme  brain,  In  Japanese  enceph¬ 
alitis.  4113 
Vakuta.  .722 
Vai  de  Cana  Field,  143 
VaideCana  River,  143 
Van  an  Ki.  Tr,  E.,  211 
Vaboab,  L.,  134 
V-E  Day,  33, 37 
Vectors: 

habit*  and  distribution  of,  130-133 
in  Caribbean  area,  128-118 
la  Centra]  America,  138 
la  South  Atlantic  Area,  133-133 
la  Africa-Middle  East  t  has  tar,  313-331 
la  Mediterranean  theater,  398-381 
la  Narth  African  theater,  398-331 
mnaaalto  In— 
mitaava.  480-483 
Snath  PariOr  Aran,  417-433 
Suae  af  Interior.  70-73 
Oca afaa  4aap»rlr»;  AaophaHaea ; Malaria, 
vector*;  Maaguitoea,  vectors. 

Vega  Haja.  P.  R..  320 
Vella  Larelta.  405. 413 
aularia  rate  In,  428 
Vella  Vella  campaign,  431 
Vehrtcot  NR  70, 1ST 
Vends  Uraade.  1.73 
Venereal  disease*.  74, 133 
Yeueto,  338 
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Vcwxiicin.  ii:l  i:t4.  its,*..  2112.  »sb.  -"sr. 

Anophelct  alltimanvs  In,  11! 7, SOS 
Anopheles  alhllarsis  In,  105 
Anopheles  tlijsuxilli*  In,  208 
Anopheles  brllnlor  III,  129 
Anopheles  elarlingl  iii,  129,  105,  SOS 
Anopheles  pscuilopniiclipennis  In,  151,  SOS 
Anopheles  pnnclimaenla  In,  SOS 
Anopheles  Irlannnlalns  In,  SOS 
dewcrlptlon  «f,  207 
I  .limns  region  nf,  SOT,  SOS 
mniarla  coni rol  in,  SOS-SOO 
malaria  In,  Sirs 

riasmiMlinm  falciparum  in.  SOS 
Ptasmoetinne  tnalariae  in,  "OS 
Plasmotlinm  rlcar  In,  SOS 
Verna  in  Field,  200,  SKI 
Verruga  peruana,:  i!) 

Veterans’  Administration,  00 
Vlei|Uee,  SOS,  211 
Vlenx  Furl,  SOI,  S05 
Vieux  Fort  Swamp.  SOS 

Vlndn  Inlaw)*  (British).  See  British  Vir¬ 
gin  Islands. 

Virgin  Islands  of  tbe  United  State*,  100, 
2HS-303 

Anopheles  mlblmanne  In,  SOS 
malaria  in.  203 
Vliw  gametocyte*.  153,  557 
Vies*  Infection*,  138 

aalfameraalne  In  treatment  nf,  35 
Fltw-r  malaria.  03  67, 214,  471,  562,  508,  COB 
In  Babo,  525 
In  Guadalcanal,  433 
In  Manokwart,  525 
la  Mediterranean  theater,  204,  206 
In  Nago.  483 
In  New  Guinea,  517 
la  Xew  Ireland.  521 
la  Sardinia,  204 
la  Seeoai,  523 
In  South  PadSc  Area,  433 
la  Trinidad  Serine,  232 
reUpaen  la,  433,  568-500 
temperature  for  tranamlaalon  of,  255 
V-J  Day,  37,  307 
Vogel  hop: 

Anopheles  fa  ran  1 1  la,  523 
Anopheles  pnnelnlmtns  la,  525 
Voot,  MaJ.  Jan*  E,  140 
Volt  a  no  Hirer,  #,  253 


Wnikilcl,  HO 

WaI.MVKIMIT,  Mllj.  Ill'll.  JONATHAN  M„  500, 
508 

Wnichcrcu  Expedition,  ,’t 
Waller  Field,  200,  S24,  234,  233,  238,  230, 
2IO 

W.maiit,  JIsJ.  Gen.  ltimr.KT  I„,  l:K» 

War  lle|iiirtnieiit,  13,  15.  10.  22,  32,  35,  38, 
40.  17.  lit  50.  13.!.  312.  144,  103,  200, 
Sin,  271,  275,  JUlil.  :i44,  375,  450 
provisions  tor  innlnrlii  eoulriil,  11-50 
troop  i mala,  SO 

War  DeiNirtnieiit  Circular  No.  207,  10  July 
1045  -  10 

War  De|uirlnicnt  Clrenlar  No.  223,  21  Se|it. 

10t:t— 50,  271,  301, 380,  384 
War  lK'itftrtmem  rnni]ililet  Mu.  8-2,  2  Apr. 
1943— 113 

War  Dejairlment  l’umidiiet  No.  21-10, 
1!M4  5S 

War  Ueiariment  Tei'lmlcnl  Bulletin  (TB 
ilF't)  1NO,  1015—58 

War  Department  Training  ClrcHlar  No.  10H, 
21  Sept.  1043-50.  230 
War  l’inn  Orange-3  -400,  noO 
War  Production  nourd.  S,  10,  32,  33,  40 
War  Prodnctlon  Board  Order  M-28 — 41 
War  ITndnctlnu  Conservation  Order 
M-I3I — 32 
modification  of,  33 
Water: 

Impounded,  187,  210 
saline.  190 

Watmiioi  si  ,  I  lorn  lab,  540 
Water-hyacinth.  120 
Waterietlnre,  120 
Wax  an.  Capt.  Hcmarr  I„  142 
Wear,  I.inunt  8.,  lie 

Went  Africa,  45.  133,  253,  310, 313.  815,  31* 
321,  322,  327 
Anopheles  p ill  In,  322 
Weat  Africa  a  Campaign*  3 
Went  African  Sc  nice  Command.  365, 360 
West  ladle*,  121,  126,  181,  160,  260 
Anopheles  mlhiman ns  In,  127 
malaria  in,  113 
Weatern  Deaert,  318 
Western  Ilemlsjiherr,  32 
“While"  project,  140 
Wild  ptneapiden.  See  Bronte! lad*. 
William*.  Col.  J sa  in  I,  Jr,  02;  86, 80 
Wilson,  MaJ.  William  B,  237 
Wilma  Dam.  23 
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Wind,  effect  o f,  niton — 
anopbellnc  acilrltle*.  12.7,  1.72 
moretoentH  of  Amiphrlr*  pam  Hat,  133 
Windward  lxlaitda,  121,  28-205 
Wise,  W.  H.,  474 
Wlnthrope*  Village,  21X1 
WUael-ntercn,  .'>£1 
Wtttmackla  Hapalala,  207 
Wocrr,  A.  K..  211 
Wooonii.L,  A.  K„  .732.  sso 
Woodlark  Ulanlx,  malaria  In.  ."10.  .722 
Woote.v,  MaJ.  On.  Ralph  11..  1R| 

Workx  1‘nigrcxH  Adiulnlxlration.  OK.  00,  73- 
74 

Work*  l‘r«Jf<t»  Adailnlxtratlon,  00,  73-74, 
87.  1H,  100,  21  s.  221 
Puerto  Rican.  243 
World  War  1.  7 

coat  of  moaqnllo  control  opera t Iona  In, 
«7«8 

malaria  in,  3 
In  Italy.  30s 
aUtlatir*  on.  NO 
Wright  Field.  Ohio.  188 
Wrlutdron,  -TOT, 

WmtHtrrrria  taacra/ll,  330,  414,  41.7,  473 
la  Okinawa,  408 

Xylene  emnhdon.  la  fljr  control,  4U8 


Y  Force  <  Cltlltcae  1 .  310 
Yalta,  320 
Yaws.  .TO 
In  Hall  I.  1UK 
In  New  Hebrides.  414 
In  Solomon  lalanda,  413 
Yellow  Ferer.  .70,  173,  .720 
In  Zone  of  Interior,  107 
prevention  nl,  330 

Yellow  Ferer  <  'onlrirf  Service  «tf  Hruall,  132 

Yoff  Penlnxula.  337 

Yolleb,  2d  M.  8ta.vi.et  F.,  231 

Yolleb,  Tamaeatii  K.,  231 

Yonahant,  470.  477 

Vnntan,  477,  483.  480.  487 

Ynrke  lValnailla,  .732,  .730 

Yugoslavia,  233 

YOnnan,  3.72 

Anopkrlrt  mlrlfarirg  In,  301 
YSnnan  Province,  304 

Zaudery  Field,  227,  238 
ftian.  Othmab,  8 
Zone  of  Interior.  7.7,  312 

adadxetoaa  for  malaria  la  troo|H  la,  87 
experience  la,  81-112 
laaect-bovae  dlaeaaea  la,  IQ7 
autlarla  rate*  among  troopa  In.  13 
orgaahntlaa  for  malaria  control  la.  13-13 
Zwart-vailei,  383 
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activb  mi: 

OSD  (1) 

•A  (1) 

USsdA  (I) 

ASA  mi  (1) 

ABA  (LOO)  (1) 

ASA  (WART)  (1) 

OSAKA  (1) 

0«<8  (1) 

DABA  (1) 

UCSPEB  (1) 

ACSI  (1) 

DCBOFS  III 
DCKLOO(l) 

Acncai 

OCA  (1) 

CABBOTOU) 

oarui 

CIXBO  (1) 

CNQB<1) 

CU.I1) 

aura) 

DAD  (1) 

CMS  (1) 

TAO(I) 

WQU) 
tim  ai 
msoui 
OM»(I) 

TsauftciiAa) 

MO) 

VBOQMAMHS) 
ABAPOOM  (I) 

OB  Hal  OaanA  (X)  mm* 
CSABUCB(4) 
BPABBtB) 


08  Base  Cood  (1) 

Log  Corn)  (1) 

HDW  (S) 

Armies  (S) 

Corps (1) 

Dir  IS) 

Ksct/Qp/Ba  (1) 
lied  Ball) 
lied  Co  ll) 
lletDst  II) 

I'RATC  (1) 

VBMA  IS) 

BrrCollssss  13) 

BrSveSeb  (I)  eaespt  Mad 
Bid  Sre  Bed  IS) 

Mad  Specialist  Set  (3) 

Msd Bsc, GENDO  ll) 

Med  Dap  <1) 
CSAMSMADHS  (S) 

Walter  BsedOeaBa^iS) 


TaBm  Steps  Ge.  Me*  <■> 
TrtptarOeaMa*(S) 


Named  AM  14) 

VBA  Urn  (3S-MS  Bad) 

U) 

DBA  Msap  (SM-MS  Beds) 
(1)  ^  ^ 

(41 


DBA  Heap  (TBl-ap  Bads) 

<B> 

Mad Csa  ll) saeapt 

WBAMC  IS) 

BAMC  IS) 

WKAIB  IS) 

MBSA  IS) 

MBSABsa  ID 
ABIP  IS) 


DBA  MED  BDCMD  |1) 
0BAPBR8CKN  (D 
DSATRAMBTaMOmd  11) 


Araqr  Tsrmiaal  (1) 


N  11) 

Msd  US  11) 

ABBS  11) 

Aissasls  (1) 

Mad  Bid  Maial  Bbspa  (1) 
Mai  Lab  lOON'OS)  IS) 
DB  11) 

OBABBL(l) 

DM»ID 
DBA  Carps  (1) 

MAAO  (1) 

WBs^Cm  11) 
MNbM**Om  (1) 

MB  Mail) 
iBOMoii) 


IDiCBA 
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ACTIVE  ABUT: 

OB  Uaj  Coad  (1)  except 

Med  Cea  (1)  except 

OSD  <1) 

C8AHKCH  (4) 

WRAMO  (5) 

8A  (1) 

8HAPK  (2) 

BAMC  (8) 

US  of  A  <1) 

OB  Base  Coaed  (1) 

WHAItt  (5) 

ABA  (ni)  (1) 

Jam  Coaed  (1) 

ATM*  (St 

ABA  <UL)  (1) 

11 DW  (It 

Def  Los  Bpt  Cea  (1) 

ABA  (BAD)  (1) 

Amies  (1) 

Def  Med  Bpt  On  (1) 

V8A8A  (1) 

con*  d) 

D8APER8CRN  (1) 

DA8A  (1) 

D4t  (2) 

DBA  TRANS  Tad  OM  (1) 

DC8PKR  (It 

Raft/M/Rf  d) 

Anajr  Tenalaal  (1) 

ACBI  (1) 

Mad  Da  (1) 

PQ  (1) 

DCSOPS  (1) 

Med  Co  (1) 

Mad  Lab  (1) 

DTBLOO  (1) 

Med  Det  (1) 

A  FEB  (1) 

AC8RC  (1) 

TC  (1) 

Araeaals  (1) 

CARKOTC  (J) 

DBM  A  (8) 

Med  nd  Malat  Sbepa  (1) 

Cod’  (It 

Bre  Cot  lean  (2) 

DB  (1) 

CIXFO  (It 

Br  Brc  M  (1)  except 

Map  (1) 

CNGB  (1) 

MT88  <S) 

CBA  Carps  (1) 

CU.  dt 

Med  Bpartattat  Beb  (2) 

MAAG  (J) 

CRD  (1) 

Med  Bee,  GRXDRP  (1) 

MU  Mm  (1) 

GMH  (1) 

Med  Dap  (1) 

Btb  H<ap  Om  (1) 

TAO  (1) 

Oea  Heap  (S) 

8tStb  Hasp  Om  (1) 

TOT  (It 

XaaM  AH  (4) 

JBD8MC  (1) 

TJAG  (1) 

DBA  Heap  (2B-MB  Rede) 

Calls  rpaataad  aadar  twi 

TTMG  (It 

d) 

taeriap  TOTi: 

OeiCfc  (1) 

DBA  Heap  (MB-MO  Beda) 

S-BW  (1) 

TbsR  Rtf,  DA  (1) 

(S) 

H-BS1  (fl| 

enft  1M  (W)  USA  Beat  («*-■»  Be*)  MM  (1) 

Ma(l)  (4)  ntetaeteel  Datl,  OSAMEDS 

nomrtac  <»  cm  Heap  om  om  Beds)  aim) 

ARADOOM  (I)  (I) 


JTO:  Dtr  (1) ;  M*  (1) ;  1MU  Heap  (1) 

VBA Ml  Las  tel  d):  Mr  (1);  Na  <1);  DBA  Map  (1);  TOE  MM  B-BB. 


